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Kelley, John J., M.S., Department of Chemistry, Wright State University, 2008.  
The Synthesis and Characterization of Imidazolium Lithium Phthalocyanines. 
 
A series of 1,3-di-substituted-imidazolium lithium phthalocyanines, in which the 
substituents on the imidazolium nitrogens were combinations of methyl, ethyl, pentyl, 
hexyl, isopropyl, adamantyl or 2,4,6-trimethylphenyl groups, was synthesized. The cation 
exchange of a single lithium ion of dilithium phthalocyanine for a 1,3-disubstituted-
imidazolium ion was performed by mixing their salts in common organic solvents under 
ambient conditions. This afforded a number of imidazolium lithium phthalocyanines in 
moderate yields. They exhibited poor solubility in most solvents. Their composition and 
purity were initially verified by 1H and 13C-NMR and elemental analysis. The 1H-NMR 
spectra also indicated that the imidazolium and lithium phthalocyanine ions are present in 
a 1:1 ratio. Infrared spectra confirmed the C-C and C-N stretching modes that are 
characteristic of phthalocyanine and imidazolium aromatic structures. UV-Vis spectra for 
each compound showed essentially no change in absorption from that of dilithium 
phthalocyanine, which suggests a lack of influence of the imidazolium ions. Thermal 
properties of the title compounds were determined through melting points and TGA, in 
which high melting temperatures (330-370°C) were seen for several complexes and 
lowered thermal stability was seen for all. The crystal structure of the 
bis(adamantyl)imidazolium derivative was determined through X-ray diffraction. It was 
found that water molecules are associated to imidazolium and lithium phthalocyanine 
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The use of phthalocyanines is widespread. They have been used as dyes and 
pigments for many years and have recently emerged as novel, widely applicable materials 
in photoconductive, photovoltaic, sensor and photodynamic cancer therapy arenas.1 
These macrocyclic molecules are thermally and chemically stable and may contain a 
broad array of metals (e.g. Li, Cu and Zn) in a variety of architectures. The molecule of 
our interest, dilithium phthalocyanine, 1, is easily produced from o-phthalonitrile.2 It can 














storage materials.4 It has been shown by X-ray crystal analysis5 that 1 is composed of a 
lithium phthalocyanine complex anion (LiPc-) and a “free” lithium ion (Li+), which is 
capable of exchange.  
The purpose of this research was to investigate the exchange reactions of 1 using 
various 1,3-disubstituted imidazolium cations 2 and to fully characterize the new 








Over the past century, many advances have been made in the study of 
phthalocyanines. Phthalocyanine 4 (also known as tetrabenzotetraazaporphyrin) and its 
derivatives have been used in numerous technological applications, such as colorants for 
paints, plastics, printing inks and textiles, optical data storage media, non-linear optics, 
chemical and electronic sensors, solar energy conversion, electrochromic displays, 
surface coatings, high temperature lubricants and chemical catalysts.6-9 These are only a 
fraction of their uses developed over their long history.  
Phthalocyanines: Synthesis, Properties and Derivatives 
The Discovery of Phthalocyanines 
 The wonderful existence of phthalocyanine (Pc) is one that was purely accidental. 
It was discovered unintentionally in 1907 by Braun and Tcherniac as a dark insoluble 
byproduct resulting from the preparation of o-cyanobenzamide 3 from phthalimide 12 in 
boiling acetic anhydride.6-7,10 In a similar fashion, de Diesbach and von der Weid 













3                     4 
 3
o-dibromobenzene 5 and copper (I) cyanide in pyridine.6-7,11 In 1928, another Pc 
derivative, iron (II) phthalocyanine 7, was found as a green/blue impurity coming from a 
defect in the iron vats of which phthalimide was being produced from phthalic anhydride 
























reported that the compound was very stable, insoluble and resistant to heat (500°C) and 
concentrated acid (7 treated with concentrated H2SO4 could not remove iron from the 
compound).6,12 A year later, a patent for 7 was granted to Dandridge, Drescher and 
Thomas of Scottish Dyes, Ltd., being the first for Pc compounds.6,12-13 The manufacture 
of Pcs began with 7 by Imperial Chemical Industries in 1935, along with B.A.S.F. in 
1936 and E. I. DuPont de Nemours & Co., Inc. in 1937.7 























             8 
 4
The actual compositions of 4, 6 and 7 were not confirmed until Linstead and co-
workers did so in 1933 and 1934.14-20 They determined the structure of 4, which shows a 
symmetric macrocycle composed of four iminoisoindoline units. The numbering seen in 
8 shows the accepted notation for the possible sites of substitution, which occur at the 
peripheral (2, 3, 9, 10, 16, 17, 23, 24) and non-peripheral (1, 4, 8, 11, 15, 18, 22, 25) 
positions of the benzo- units. They also noted the aromaticity of 4 which is due to the 
conjugation in its 18 π-electron planar configuration. These observations were verified by 
Robertson’s investigation of 4, making it the ‘first organic structure to yield an absolutely 
direct X-ray analysis.6,21  
Synthesis of Phthalocyanines 
 Today, the synthesis of Pcs is most commonly achieved by using various phthalic 
precursors, such as phthalic anhydride 9, phthalimide 10, phthalic acid 11, phthalamide 
12, o-cyanobenzamide 13, diisoiminoindoline 14 and phthalonitrile 15, with the latter 






















10 11 12 13 14 159  
the presence of activators or catalysts at moderate to high temperatures (70-300°C).6-8,22 
Methods exist6-8 for the formation of 4 from phthalonitriles, such as the cyclization of 
phthalonitrile 15 in a melt with hydroquinone as a reducing agent,23 cyclization of 15 in 
an alcoholic solution of 1,5–diazabicyclo[4.3.0]non-5-ene (DBN) as a base24 or the 
formation of diiminoisoindoline 14 with subsequent condensation.25 
 5


























Syntheses of MPcs also frequently incorporate 15 as a precursor. In an early 
method, Linstead et al. prepared Na2Pc 16 from treatment of 15 with sodium pentyloxide 
in pentyl alcohol at 135-140°C.7,17 Also, ZnPc 17 has been obtained by heating 15 with 
Zn(OAc)2, (N,N-dimethylamino)ethanol and dimethylsulfoxide, as reported by 






















7.    M = Cu
16.  M = 2 Na
17.  M = Zn
 
entailed heating 15 in pyridine with Cu2Cl2 in the presence of phthaloyl dichloride at 180-
220°C.27 These are just a few examples of the vast number of the synthetic routes6-8 for 
the production of Pcs and MPcs, which are far too many to report here. 
 
 6
Characteristics and Types of Phthalocyanines 
As shown before, 4 is not the only form of Pcs known. When deprotonated, 4 
generally exists as a dianion, which is capable of oxidation or reduction, with the charges 
located on two opposite internal nitrogens, providing a void in the center of the molecule 
that can accommodate numerous metal ions. Such compounds are known as 
metallophthalocyanines (MPcs) 8, and as of 1998, 70 elemental ions (Table 1) have been 
used as the central atom(s). The individual natures of these atoms greatly affect the 
properties of the Pc ring, especially solubility. Many MPcs have metal ions (e.g. Cu2+, 
Fe2+) that are bound very tightly to the ring making their removal impossible without 
destruction along with attributing to their insolubility. Solubility improves for MPcs 
containing two monocations (e.g. K2Pc 18) or large cations (PbPc 19), in which the 
central atom(s) lie outside the plane of the ring, or cations with axial ligands 




























18 19 20  
((Cl)3TaPc 20).6-8, 28 Some even larger cations (i.e. lanthanides) have a tendency to bind 
to two Pc rings, forming “sandwich” complexes.6-8  
Many other forms of 4 have also been created. Not only has the central atom been 
modified, but so has the Pc ring as well. Numerous substituents have been placed on the 
peripheral and/or non-peripheral sites of the ring, having beneficial affects to the  
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1 H 1+  39 Y 3+  67 Ho 3+ 
3 Li 1+  40 Zr 4+  68 Er 3+ 
4 Be 2+  41 Nb 4+  69 Tm 3+ 
5 B 3+  42 Mo 4+, 5+  70 Yb 3+ 
11 Na 1+  53 Tc 4+  71 Lu 3+ 
12 Mg 2+  44 Ru 4+  72 Hf 4+ 
13 Al 3+  45 Rh 3+  73 Ta 5+ 
14 Si 4+  46 Pa 3+  74 W 2+, 5+ 
15 P 3+  47 Ag 2+  75 Re 3+, 4+ 
19 K 1+  48 Cd 2+  76 Os 4+ 
20 Ca 2+  49 In 3+  77 Ir 4+ 
21 Sc 3+  50 Sn 4+  78 Pt 2+ 
22 Ti 3+, 4+  51 Sb 4+, 5+  79 Au 2+ 
23 V 3+, 4+  56 Ba 2+  80 Hg 4+ 
24 Cr 2+, 3+  57 La 3+  81 Tl 3+ 
25 Mn 2+  58 Ce 4+  82 Pb 2+ 
26 Fe 2+, 3+  59 Pr 3+  83 Bi 3+ 
27 Co 2+, 3+  60 Nd 3+  89 Ac ? 
28 Ni 2+  62 Sm 3+  90 Th 4+ 
29 Cu 2+  63 Eu 3+  91 Pa 4+ 
30 Zn 2+  64 Gd 3+  92 U 4+, 6+ 
31 Ga 3+  65 Tb 3+  93 Np 4+ 
32 Ge 4+  66 Dy 3+  95 Am 4+ 
33 As 3+               
 
molecule’s solubility. In fact many Pcs that lack substituents are generally insoluble in 
common organic solvents and require concentrated acid (e.g. H2SO4) or high-boiling 
aromatic solvents (e.g., quinoline) to dissolve. Substituted Pcs can be synthesized in two 
ways: 1) directly add substituents onto the ring by aromatic electrophilic substitution or 
2) by modifying the precursor. The latter is most common. For example, in 1971, 
Mikhalenko et al. fabricated tetra-t-butyl phthalocyanine 25 derivatives  by first 
converting 4-t-butyl-phthalic anhydride 21 to 4-t-butyl-phthalonitrile 24 via reactions 
with urea followed by ammonia, dehydration with phosphorous pentachloride and lastly  
cyclotetramerization of the phthalamide 23.6,29 In addition to mono-substituted varieties, 
 8
phthalonitrile precursors may contain 2, 3 or 4 substituents, providing octa-, dodeca- and 
hexadeca-substitued Pcs, respectively, creating an array of structural isomers. Other 
































21 22 23 24
25  
varieties of Pcs are seen in naphthalo- and anthracocyanines (26 and 27), where 
additional benzene rings are attached to the periphery, along with networked, bridged and 




















       26       27 
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Dilithium Phthalocyanine and its Derivatives 
Synthesis  of Li2Pc 
 Of all the Pcs and MPcs developed and studied over the past century, dilithium 
phthalocyanine 1 has become one of the frontrunners of phthalocyanine research. It was 
first synthesized by Barrett et al. in 1938 and has been a fundamental basis for the future 
production of 1. The facile synthesis, analogous to that of Na2Pc 16 just a few years 
before,17 involved heating a solution of phthalonitrile 15 with lithium metal in pentanol, 
















crystalline product was obtained in moderate yield (50 %) and was used in a variety of 
reactions, notably as a precursor to 4 and several MPcs. It was noted that the amounts of 
the reagents in the reaction were very crucial. When an excess amount of lithium 
pentyloxide was present, the desired product, 1, was obtained, while with a considerable  




excess of 15excess of LiOC5H111 LiHPc
28  
excess of 15, the partially protonated version 28 resulted. The conversion of 28 to 1 was 
possible by the addition of lithium pentyloxide.2 
 10
Another early synthesis, by Wettstein, involved the reaction of lithium hydride 





PhCH2OH / , 180°C
1        +        3
 
suspended in decahydronaphthalene was added to a heated solution of 15 in a mixture of 
decahydronaphthalene and benzyl alcohol. The product obtained was an equal mix of 1 
and 4.30 Although Wettstein was successful in synthesizing 1, Barrett’s method is the one 
more commonly followed. 
Physical Properties of Li2Pc 
 Like many other MPcs, 1 is microcrystalline solid with a dark blue/purple color. 
When dissolved, 1 turns into a brilliant blue solution, hence its use a dye. The blue color 
is due to its absorption in the near-infrared region of the visible spectrum, which will be 
discussed later. Also, 1 is thermally stable up to 300°C, where it will first show signs of 
degradation. There is no detectable melting point up to 400°C. Thus, 1 is well suited for 
the operating temperatures of most Li-ion devices and many common laboratory 
experiments. 
Interestingly, 1 demonstrates remarkably better solubility than its preceding MPcs 
in organic solvents such as ethanol, pentanol, dimethyl sulfoxide, acetonitrile, pyridine, 
dichloromethane and acetone without the aid of heat.2,8 Solutions of 1 in these solvents 
are commonly used in spectral and electrochemical analyses, with dichloromethane and 
acetone being regularly used in synthesis.2,8,31-35 Reasons for the good solubility of 1 
relate to its structure. 
 
 11
Crystal Structure of Li2Pc 
Initially, the crystal structure was thought to be similar to the representation of 18, 
with both Li atoms centered above and below the plane of the Pc ring, disrupting its 
strong intramolecular forces, which are generally accountable for the low solubility of 
many Pcs and MPcs.6 Until recently, this structure was deemed most probable and 
supported by several computational methods.3,36-37 The structure, though, was not definite 
since 1 had not been successfully studied by single crystal X-ray diffraction (XRD). In 
2006, Grossie et al. were able to successfully obtain the single crystal XRD pattern of the 
compound di-μ-acetone-κ2O:O-bis[(acetone-κO)aqualithium(I)] di-μ-acetone-κ2O:O-bis 
[diaqualithium(I)] tetrakis{[phthalocyaninato(2-)-κ4N,N’,N’’,N’’’] lithiate(I)} 29,5 which 
aided in elucidating the structure of 1. The crystal used was slowly formed from 





























bridged lithium-acetone molecules accompanying the lithium phthalocyanine (LiPc-) 32 
anions. Six ionic molecules form the complex 29: two dicationic acetone-bridged Li 
dimers, one ligated by water molecules 30 and the other with water and acetone 
 12
molecules 31, and four LiPc- anions 32, which are divided into two symmetry-related 
non-identical pairs (Pairs 1 and 2). The molecules arrange in a triclinic unit cell with P1 
symmetry. The crystal structure of 32 shows the Li atom square-planar coordinated to the 
four isoindoline nitrogens at the center of the Pc ring. The distances are essentially equal 
among the Li-N bonds (1.96-1.99 Å) for both non-identical molecules, making them 
symmetrical with respect to the four C2 axes lying within the Pc molecular plane. On the 
other hand, the distances between the Li atom and the plane of the ring for each molecule 
in Pairs 1 and 2 are not the same at 0.121 Å and 0.396 Å, respectively. This can be seen 
in Figure 1 by looking down the plane of the molecules in Pair 1, where the Li atoms 
obviously lie outside of the Pc plane. This constitutes the major difference between Pairs 
1 and 2. The distances between molecules in Pair 1 and Pair 2 are 3.38 Å and 3.06 Å, 
 
Figure 1. a) unit cell of 29 looking approximately down the a axis b) expanded 
view of crystal packing.5 Crystal structure was provided by D. A. Grossie, with 











respectively. As seen in the unit cell in Figure 1, the molecules of Pairs 1 and 2 are 
stacked in such a manner as to create channels, directed along the a axis of the unit cell, 
which are partially filled by 30 and 31.5 These continuous channels are ideal for ion-
conduction in Li-ion transport materials.3,36-38 
Ultimately, this study was able to prove the structure of 1 is not analogous to 18. 
The discovery of ionic molecules 30-32 in the crystal structure showed that Li2Pc was not 
simply a Pc ring with two coordinated Li atoms, but rather an ionic complex. The anion 
in 32 clearly shows a Li atom coordinated to the center of the Pc ring (slightly above or 
below the plane), and that the other Li atom is cationic and “free” from its counterpart. 
This realization leads to the assumption that the Li atom in 32 is tightly bound to the Pc 
ring and is not removable under normal conditions, similar to the nature of MPcs with 
divalent metal ions. Also, the fact that two dilithium cations (30 and 31) are packed along 
with four monolithium anions (32) in the crystal structure helps to support the assumption 
quantitatively, in that the four Li atoms of 30 and 31 coincide with the four Li atoms from 
32. Thus, the true nature of 1’s structure is verified.  
Lithium Phthalocyanine Derivatives 
 Although 1 has been studied extensively since its discovery in 1938, the dilithium 
form is not the only known. In fact, recent studies have used 1 mostly as a precursor to its 
many ionic, radical and polymeric derivatives. Many of these types can be viewed in 
Table 2. Here, two types of unsubstituted lithium phthalocyanine derivatives, the 




Monolithium Phthalocyanine Radical 
One very commonly examined form of lithium phthalocyanines is the 
monolithium phthalocyanine radical (LiPc·) 33. The radical is valued for being stable and 
neutral and it is one of few intrinsic (pure, undoped) molecular semiconductors in 
crystalline form.45-47 It can be made by the chemical or electrochemical oxidation of 1. 
45-55 Chemical processes involve the reaction of 1 with various oxidizing agents, such as 
iodine47, chloranil, bromanil or tetracyanoquinodimethane.52 More common, though, 
Table 2. Various derivatives of Li2Pc since 1936 (not all-inclusive). 
 
Derivative Reference Year Derivative Reference Year 
H[LiPc] 2 1936 LiPc 
33, 40,  
45-55 1978 
H[LiPc]  39 1984 [LiPc]·H2O 40 1985 
Li2[LiPc]·6THF 43 1966 [LiPc]X (X=Cl, Br, I) 40 1985 
Li3[LiPc]·8H2O 43 1966  (PPh3)2N[LiPc] 34 1995 
(Bu)4N[LiPc] 33 1978 (Bu)4N[LiPc]F·½H2O 41 1997 
Bu(C12H25)3N[LiPc]  33 1978  (Bu)4N[LiPc]·THF  41 1997 
Cu[LiPc] 34 1978 Li(Ph3PO)2(μ-Pc) 42 2000 
Ag[LiPc]  34  1978 Li(Ph3PO)4[LiPc]·EtOH·H2O 42  2000 
Li[Li2Pc] 44 1978 (Et)4N[LiPc] 35 2006 
Li2[Li2Pc]  44  1978 (Pr)4N[LiPc] 35 2006 
Li3[Li2Pc] 44 1978 (Oct)4N[LiPc] 35 2006 
Li4[Li2Pc] 44 1978    
  
is the electrochemical (EC) synthesis of 33, in which there are many variations.50-56 In 





















phthalonitrile 15 to 33. A detailed method for Route 1 has been reported by Afeworki et 
al., in which 1 was electrochemically oxidized in a solution of acetonitrile and 
tetraethylammonium perchlorate (TEAP) as a supporting electrolyte.53 The room 
temperature electrolysis was performed under a constant potential (different batches were  
synthesized between 0.05 – 0.75 V) in which insoluble deposits of 33 formed on the 
cathode or collected as precipitate. Route 2 can be described by the method of Petit et al. 
wherein electrolysis of 15 in hot absolute ethanol with LiCl under argon afforded a 70 % 
yield of 33.54-55 These syntheses produced needle-like crystals or powders that were 
brown or black in color.  
Cation-Exchanged Lithium Phthalocyanines 
 Another set of interesting lithium phthalocyanine derivatives (although not 
extensively studied) are those synthesized by the lithium ion exchange of 1 with complex 
organic cations. This was first achieved in 1978 by Homborg and Kalz, in which they 
produced tetra-n-butylammonium (TBA) lithium phthalocyanine 34 and tri-n-dodecyl-
butylammonium (TDBA) lithium phthalocyanine 35 by the facile cation exchange of 1 
with salts of the respective cations.32 The synthesis was carried out by Soxhlet extracting 
1 in anhydrous acetone which was consequently mixed with a solution of the ammonium 
salt (TBA-Br or TDBA-NO3) in dichloromethane. This mixture was then extracted with 
water several times, and the organic layer was separated from the aqueous phase. The 
organic layer was evaporated to dryness and then recrystallized from dichloromethane, 
producing blue crystals with a pink/purple luster. The compounds 34 and 35 had 
significantly different melting points of 235°C and 124°C, respectively. The compounds 
also demonstrated good solubility in dichloromethane and aryl halides, while alkanes and 
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perhalogenated solvents showed limited solubility, and protic solvents exhibited poor 
stability, as they usually produced protonated Pcs. Thus, it was shown that the 
ammonium cations dictated many of the physical properties of 34 and 35.32 The 
aforementioned compounds were also used as precursors to several other lithium 
phthalocyanine derivatives produced by Homborg and various co-workers.33-34,39-42 One 
of these derivatives, bis(triphenylphosphine)iminium lithium phthalocyanine 36, was 
made in such a way. The procedure just previously mentioned was followed, except a 















Other tetraalkylammonium lithium phthalocyanines (tetraethyl-, tetrapropyl-, tetraoctyl-) 
have also been synthesized but are awaiting full characterization.35 
Polymorphism of Lithium Phthalocyanines 
 Unfortunately, there is little known about the crystal structure of 1, with the 
discovery of Grossie et al. being an exception. In turn, since 33 is very similar and has 
been widely studied, it can be used as a basis of comparison for 1 and its derivatives. One 
of the many interesting attributes of 33 is its polymorphism, that is, its ability to arrange 
in multiple crystal structures. Reports show that 33 mainly conforms to χ, α or β 
polymorphs, which can be seen in Figure 2.38,57-60 These polymorphs have different unit  
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Figure 2. Crystallographic packing of 33 (not drawn to scale): (top) packing of 33 
shown by circles with a 6 Å bore size in the center, (bottom) perpendicular view 
of χ, α and β polymorphs with respect to the stacking axis. 
 
cells and space groups: χ - tetragonal and P4/mcc; α - monoclinic and C2/c and β - 
monoclinic and P21/c. The χ and α forms are more common than the β and the χ form is 
more oxygen sensitive than the other two. This makes it more useful for Electron 
Paramagnetic Resonance (EPR) oximetry studies, which essentially measure the diffusion 
of O2 through a substance.57-60 Due to the packing of 33 in the χ polymorph, a 
microchannel is formed in between stacks with a bore size of 6 Å (see Figure 2), thus 
allowing O2 molecules (2.8 x 3.9 Å2) to diffuse through the molecules.60 The channels in 
the α and β forms are too narrow to allow this behavior. EPR studies have also been 
beneficial in demonstrating that the unpaired electron in 33 is not localized on the 
nitrogens or lithium, but rather delocalized over the entire Pc ring.51,57 The close packing 
of 33 in these polymorphs also allows for considerable π−π overlap among adjacent 
molecules, which forms a one-dimensional electron conduction path through the network 
of molecules, attributing its semiconductor nature.61  
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The morphology of 33 (and other MPcs) is dependent on the synthetic route used 
for powder/crystal growth or the substrate temperature used in the preparation of thin 
films.59-60 For example, thin films deposited below 150°C are predominately in the χ 
form, while temperatures of 150-200°C give the α polymorph. Also, it has been observed 
that the solvent used in the synthesis of 33 can affect structural and magnetic properties, 
for example Brinkmann et al. found that these properties were very different between 
acetone and acetonitrile, with the latter being less sensitive to oxygen.59 It is also noted 
that sample preparation plays a large affect on electronic conductivity of these 
molecules.57,61  
Absorption Properties 
 Like other Pcs and MPcs, lithium phthalocyanines (unsubstituted) exhibit 
profound absorption properties, hence their long-time use as dyes. It is well known that 
these compounds absorb in the UV and visible regions of the spectrum (Figure 3), with 
absorptions (λmax) at 320-370 nm (B-band) and 650-700 nm (Q-band). The Q-band is 
generally more intense having molar absorptivities (ε) with magnitudes of 104 – 106  
M-1cm-1.6-9,47-48,62-64 Pcs absorb stronger in this region (compared to porphyrins that 
absorb more strongly in the UV region) due to disruption in the Pc π-system caused by 
the nitrogen atoms being in the meso-positions (higher electronegativity than carbon 
attracts π-electron density) and the peripheral benzene rings that extend the π-system. 
Therefore, the red portion of the spectrum is strongly absorbed by Pcs and MPcs while 
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Figure 3. Absorbance spectrum of Li2Pc. Note the intense Q-band at 657 nm with 
a weak shoulder at 593 nm. The B-band has broad, weak peaks at 324 and 370 nm 
 
the blue/violet portion (320-370 nm; B-band) is less well absorbed, thus their blue to 
violet colors.6,8 Violet colors would be seen by compounds that have blue and red 
absorptions that exhibit similar intensities, which is common for lithium phthalocyanines 
in the solid state. 
 Certain factors can have a profound effect on the absorption of various MPcs such 
as the central metal ion, which can shift the Q-band depending on the element. Also, 
bands can form by the excitation of the metal’s atomic orbitals to the Pcs molecular 
orbitals, or vice versa.6,65 In addition, substitution of the Pc ring can greatly influence the 
absorbance spectra. For example, placing electron donating substituents on the non-
periphery of the Pc ring can cause a 70 nm bathochromic shift (red shift) of the Q-
band.6,66 The shift for peripheral substitution is less profound. This was demonstrated by 
Khanamiryan et al. for the compound dilithium-2,3,9,10,16,17,23,24-











M = 2 Li









 The difference of one electron in a molecule can greatly alter its absorption 
behavior, as seen between 1 and 33. It was shown before that 1 absorbs at 324, 370 and 
657 nm. A shift in wavelengths and intensities of the Q and B bands occurs for 33, with 
corresponding peaks at approximately 450, 490 and 820 nm, along with the addition of a 
new peak at 693 nm, according to Gilat et al.47 On a similar note, Turek et al. observed 
the Q-band shifting from 660 to 480 nm along with new bands appearing at 430 and 820 
nm.51 Also, Sugimoto et al. comments on the strong absorptions of 33 at 440 and 490 nm, 
which attribute to its dark brown color.48 Other studies have provided similar results.57-59 
 Lithium phthalocyanines complexed with various cations have shown absorptions 
similar to those of 1, as seen in Table 3. For example, the two tetraalkylammonium 
lithium phthalocyanines, 34 and 35, show Q-band absorptions at 627-667 nm and B-band 
absorptions at 330-380 nm.32 Also, the similar compound, bis(triphenylphosphine) 
iminium lithium phthalocyanine 36, reveal peaks in the ranges 603-667 nm (Q) and 331-
378 nm (B).34 Thus, speculation can be made that absorptions for lithium phthalocyanines 
only considerably change when the Pc ring itself is affected, that is, any alterations to the 
π- system, as with 33. 
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 Table 3. Absorptions of various lithium phthalocyanine derivatives. Peaks 
 pertaining to Q and B-bands are noted. 
 
Compound Reference Medium     Peak (nm)     
      B-band B-band Q-band Q-band Q-band 
1 46 CH3CN 340 375 595 618 660 
35 46 Cl-naphthalene 455   490     
36 32 KBr (10 K) 330 365 636 629 682 
37 32 CH2Cl2 330 380 651 619 667 
38 34 CH2Cl2 331 378 603 621 667 
 
Li-ion Battery Applications 
In the past few decades, Li-ion batteries have worked their way to becoming the 
pinnacle of rechargeable battery technology, surpassing predecessors such as lead-acid, 
nickel-cadmium and lithium batteries.68-69 They are extensively used in portable 
electronic devices such as cellular phones, digital cameras and laptop computers. Today, 
many efforts are being made to maximize their properties and potential uses. 
All batteries (electrochemical cells) consist of a cathode, an anode and an 
electrolyte. In an electrochemical cell, oxidation takes place at the anode, which is 
generally an easily oxidized metal, in which the electrons released travel through an 
external circuit connected to the cathode creating electric current. Ions produced by 
oxidation pass through the electrolyte to the cathode where they are consequently 
reduced. The cathode is often made of metal oxides that can be easily reduced, and the 
electrolyte is an ion-conducting material, usually a salt or an acid dissolved in water or 
organic solvents.68 
Rechargeable (secondary) batteries are extremely useful because they can be 
discharged and recharged numerous times. This is known as cycling. When the charge is 
exhausted, the battery can be recharged by applying a current opposite to that of the 
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discharge. In a society increasingly dependent on portable technology, it is necessary to 
use batteries that have a long life (longevity of discharge) and long cycle life (number of 
times the battery can be recharged).68-69 This is where Li-ion batteries excel among other 
secondary cells. 
Li-ion batteries succeeded lithium batteries as a solution to the degraded 
functionality and safety hazards of the latter caused by lithium-dendrite formation within 
the cell.68 Instead of using lithium metal, Li-ion batteries use solid materials containing 
Li+ ions as electrodes. These are generally composites, such as Li-intercalated carbon or 
LiMn2O4, in which Li+ ions are inserted into the anode material throughout charging and 
extracted during discharging (also known as intercalation/deintercalation), with the 
electrolyte mediating ion conduction.68,70 Figure 4 demonstrates this activity with an 
activated carbon anode, LiMn2O4 cathode and LiSO4 electrolyte as reported by Wang and 
Xia.71 With these types of components, Li-ion cells are capable of producing voltages of 
3-4 V,  comparable to those of lithium batteries.68 
 
Figure 4. Diagram of Li+ ion transport between electrodes of activated carbon 
and LiMn2O4 with LiSO4 as an electrolyte [C (s)| LiSO4 (aq)| LiMnO4 (s)]. 
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Furthermore, a very crucial component of Li-ion batteries is the electrolyte. 
Ideally, these electrolytes are non-aqueous, highly conductive (> 10-3 S/cm), thermally 
stable (≤ 90°C) and have wide electrochemical potential windows (0-5 V).68,72 They have 
most commonly been organic solvents that contain inorganic salts or are inherently ionic, 
for purposes of ion conduction. The downside is that organic solvents are volatile and 
flammable, posing fire and explosion hazards.68-69,71-72 To remedy this problem, the 
incorporation of solid-state and ionic liquid electrolytes have been proposed for Li-ion 
batteries,68,72 such as Li2Pc and 1,3-dialkylimidazolium compounds, in which the 
research and development of such materials has vastly grown over the past decade.  
Lithium Phthalocyanines in Li-ion Technology 
 As previously mentioned, 1 has been proposed as a possible solid-state electrolyte 
in Li-ion batteries.3,36-38,61,73-77 Much of this research has been spearheaded by L. G. 
Scanlon along with numerous co-workers. It was their effort to discover a solid-state 
electrolyte that is capable of single lithium-ion conduction through what they termed as a 
“lithium-ion conducting channels.” Ideally, the channel would provide a continuous 
negative electrostatic potential field for Li ions to transport through, in which any 
discontinuity would terminate Li-ion conduction. Thus, it is necessary for the field to be 
continuous, which is possible through molecular self-assembly of 1. Theoretical 
calculations by Scanlon et al. have shown that there are attractive forces between 
molecules of 1 that favor assembly, suggesting that such a potential field does exist 
throughout 1. To test this theory, a solid-state electrochemical cell was made using Li 
metal as the anode, a composite cathode containing MnO2 (10.9 wt %), electrically 
conducting carbon (15.1 wt %), 1 (66.6 wt %) and a binder (7.4 wt %) and a solid-state 
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electrolyte containing mostly 1 (8 wt % binder). Slow-scan cyclic voltammograms (CV) 
exhibited charging and discharging of the cathode, thus showing true potential of 1 as a 
solid-state electrolyte.3  
 Other reports have aided in verifying the concept of Li-ion conducting channels. 
Theoretical experiments by Zhang et al. showed that molecular self-assembly of 1 
produces several polymorphs (α, β, ε, χ) in which the alignment of Li ions present is 
associated with Li-ion conducting channels. Their molecular models also proposed an 
increase in intramolecular distance between the two Li atoms in 1, a result of weakened 
Li-N bonds, which would facilitate fast Li-ion transport throughout the structure.38 
Unfortunately, calculations and models do not always convey reality. That is why one of 
the most helpful pieces of evidence support Li-ion conducting channels in 1 was the X-
ray analysis of its crystal structure5, as previously described. Even though 29 did not truly 
resemble any of the polymorphs described by Zhang, Grossie et al. was able to prove that 
such channels do indeed form. 
 Aside from structural aspects, several advantages arise when using 1 as a solid-
state electrolyte. The conductivity of 1 is about 5.1 - 8.9 x 10-4 S/cm (at 300 K), which is 
close to the value required for moderate power sources (10-3 S/cm).38,69 In addition, the 
transference number (i.e., fraction of current carried by an ion in an electrolyte) of 1 is 
equal to unity, unlike many polymer electrolytes with small Li-ion transference.3,74 Also, 
it is probable that temperature dependence of Li-ion transport would be minimized 
compared to polymer electrolytes due to higher dependence on the electric field gradient 
between cathode and anode. Furthermore, the single-ion transport characteristics of 1 
reduces voltage drop across the electrolyte.38 
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Imidazolium Compounds: Synthesis, Properties and Applications 
 Imidazolium compounds have been studied for many years and have been seen in 
numerous applications. Some examples include drug synthesis, microbicides, herbicides 
and N-heterocyclic carbene ligands and catalysts used in organometallic synthesis.83-85 
They are most common, though, in the form of ionic liquids (IL), which have an 
extensive list of applications. IL’s have been used as pharmaceutical,86 electrolytic72,87-89 
and environmental friendly or “green” solvents,79-82,90 along with catalysts90-92 and 
separations media,94 to name a few.  
 Ionic liquids are often thought to be synonymous with molten salts. Although 
very similar in several aspects, such as being only composed of organic cations and 
inorganic anions, they are not the same. Where IL’s differ from molten salts, and in some 
cases excel, are in their physical properties. Molten salts are generally high-melting, 
highly viscous and very corrosive ionic compounds, while IL’s have low viscosity, are 
less corrosive and are liquid below 100°C, which is their main distinction.72,91 Thus, IL’s 
are much more practical for handling. 
 The wide liquid temperature range is also a very desirable property of many IL’s, 
which in some cases can exceed 300°C. In addition, melting points near -100°C have 
been known. This gives IL’s an exploitable liquid range that makes them useful for 
conventional synthetic chemistry and low temperature applications, such as extractions.79  
 Besides liquid range, IL’s have many other ideal attributes, such as high chemical 
and thermal stability. They also possess high polarity, high ionic conductivity and wide 
electrochemical potential windows, making them quite useful in electrochemical 
reactions and devices (i.e., Li-ion batteries).72,80 Unlike many organic solvents, they are 
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non-flammable and have very low (practically negligible) vapor pressures. In fact, IL’s 
have the lowest volatility of any molecular solvent.72,82 Their highly solvating, non-
coordinating abilities make them great solvents for numerous organic and inorganic 
solutes. In addition, IL’s can be recovered fairly easily, making them recyclable 
solvents.79 With these surpassing qualities, IL’s have begun to replace many common 
organic solvents in research and industrial applications, helping to reduce their 
environmental hazards, thus, they are often termed “green” solvents.79-82  
Dialkylimidazolium Compounds 
 Some of the most investigated IL’s have been 1,3-disubstituted imidazolium 2 
compounds. The iodide and chloride salts of 1,3-dialkylimidazolium cations have been 
reported as early as the 1880’s by German chemists.82,95 In 1979, Hussey and Wilkes 
used Modified Neglect of Differential Overlap (MNDO) semi-empirical molecular orbital 
calculations in search of an organic cation that had a better electrochemical stability than 
the 1-butylpyridinium chloride-aluminum chloride melt 40. Although a prominent ionic 
liquid at the time, reduction of 40 was undesirably common in electrochemical 
experiments. The calculations predicted the 1,3-dialkylimidazolium cations to have a 
reduction potential 0.9 V more negative than 40, which was later verified by analysis of 
1-ethyl-3-methylimidazolium chloride-aluminum chloride 43.89 Synthesis of 43 involved 
condensing chloromethane with N-methylimidazole 41 at 75°C which produced 1-ethyl-
3-methylimidazolium (EMI+) chloride 42 as white crystals after recrystallization from 
acetonitrile/ethyl acetate. The chloroaluminate was prepared by reacting 42 with AlCl3 





















electrochemical window, 43 demonstrated an unprecedented liquid range of -100°C to 
200°C, which was a factor of molar ratios of 42 and AlCl3. In addition, 43 possessed 
good thermal stability and high conductivity. On the downside, 43 was very air and 
moisture sensitive, and impurities greatly affected its potential window.96 Therefore, IL’s 
with lower sensitivities to air and moisture were consequently sought after. 
 In the 1990’s, several imidazolium compounds were synthesized that improved 
upon the qualities of their predecessors. From 1992-1994, several analogues of 42 were 
made by reaction of the EMI+ cation with a number of anions, including tetrafluoroborate 
(BF4-) 44, acetate (CH3CO2-) 45, hexafluorophosphate (PF6-) 46, mesylate (CH3SO3-) 47 
and triflate (CF3SO3-) 48.97-99 These new compounds had lower reactivities to air and 





























were determined to have an electrochemical window surpassing 4 V, greater than any 
IL’s before them.97-99 These IL’s also demonstrated good thermal stability, showing 
minimal weight loss up to 350°C.98  
 In 1996, Bonhôte et al. synthesized a number of 1,3-dialkylimidazolium 
compounds of several hydrophobic anions.93 A few examples include bis(trifyl)imide 
((CF3SO2)2N-) 49, trifluoroacetate (CF3CO2-) 50 and nonaflate (C4F9SO3-) 51 salts. 
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Melting points ranging from -22°C to 113°C were found for many of the salts along with 






















demonstrated even better stability to air and moisture than those previously mentioned 
(43-48). The authors noted that out of the anions studied, bis(trifyl)imide had the best 
combination of properties, such as hydrophobicity, high thermal and electrochemical 
stability, high conductivity and lack of hydrogen-bonding.  
 Even more IL’s of 1,3-dialkylimidazolium cations have been recently made. In 
2008, DeCerbo and Katovic synthesized a series of 1-alkyl-3-methylimidazolium 
bis(pentafluoroethylsulfonyl)imide (AlkMIBeti) compounds 52-57, with alkyl chain 
lengths of 2 – 6 carbons.100 The compounds were made from their chloride precursors, 
which were synthesized in the same manner as the previously described method96 of 
Wilkes and co-workers. The Beti derivatives were made by a simple anion exchange, 
which entailed equimolar amounts of lithium bis(pentafluoroethylsulfonyl)imide (LiBeti) 
and 43 being reacted in water, after which the aqueous and ionic layers that formed were 
separated. The ionic liquid was extracted with water until complete removal of LiCl was 












52 :    R = CH2CH3
53 :    R = CH2CH2CH3
54 :    R = CH2CH2CH2CH3
55 :    R = CH2CH2CH2CH2CH3











electrochemical potential windows comparable to analogous compounds of BF4-, PF6- 
and Tf2N- anions. There were improvements, though, on the previously mentioned 
compounds (43-51) in conductivity and hydrophobicity. Trends for these compounds can 
be seen in Table 4, where conductivity, electrochemical potential and maximum H2O 
absorption all decrease with increasing chain length. The temperature at which the ionic 
Table 4. Properties of 1-alkyl-3-methylimidazolium Beti 52-56. Conductivity, 
electrochemical window and H2O absorption (at 60 % relative humidity) were 














1-Et-3-MeImBeti 52 3.25 4.2 325 4050 
1-Pr-3-MeImBeti 53 1.92 4.5 326 4000 
1-Bu-3-MeImBeti 54 1.53 4.5 314 3600 
1-Pn-3-MeImBeti 55 0.94 4.6 318 3400 
1-Hx-3-MeImBeti 56 0.87 4.7 321 3000 
 
liquids begin to degrade are relatively unvarying and do not show a trend.100 Thus, the 
good thermal stability, conductivity, hydrophobicity and wide electrochemical windows 
of the aforementioned imidazolium compounds make them great candidates for numerous 
applications, especially battery electrolytes. 
Other Di-substituted Imidazolium Compounds 
 As mentioned before, imidazolium compounds have been used as precursors to 
catalysts, mostly imidazolyidenes, for many organic and organometallic reactions. These 
catalysts are also commonly denoted as N-heterocyclic carbenes (NHC). NHC’s are 
useful as ligands mostly due to their outstanding σ-donating ability with minimal 
backbonding, making them capable of substituting classical ligands (ones with available 
lone pairs) such as amines, cyanides and phosphanes in metal coordination reactions.92 
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W. A. Herrmann notes numerous catalytic and metal coordination applications of NHC’s 
in his review of NHC’s in organometallic catalysis.92 Some examples include coupling 
agents in Suzuki cross-coupling, NHC/Pd-catalysts for the amination of aryl halides and 
homogeneous catalysts in olefin metathesis. NHC’s have been found to perform better as 
catalysts than organophosphanes (the prior standard for organometallic chemistry), 
especially in olefin metathesis. They are also praised for strongly binding to common 
catalytic metals without undergoing ligand dissociation. 
NHC’s are generally made by the removal of the 2-position proton of an 
imidazolium compound as described by Arduengo et al. in the synthesis of the first stable 
carbene.101 In this work, they produced the carbene 1,3-bis(1-adamantyl)imidazol-2-
ylidene 60 from the deprotonation of 1,3-bis(1-adamantyl)imidazolium chloride 57 
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57-59 60-62
 
 The resulting colorless crystals were stable under an inert atmosphere and under elevated 
temperatures. In a later method, again by Arduengo and co-workers, potassium t-butoxide 
(KOtBu) in THF was used in the facile deprotonation of two 1,3-diarylimidazolium salts 
(aryl = 2,4,6-trimethylphenyl 58; 2,6-diisopropylphenyl 59) to give the 1,3-
diarylimidazolylidenes 61 and 62 in 96 and 80 % yields, respectively.102 These are just 
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two of the numerous reports of carbene synthesis from imidazolium compounds, all of 
which are far too many to include here. 
 Although NHC’s have many interesting qualities, it is their precursors that are of 
current interest, especially 1,3-disubstituted imidazolium compounds that have more 
complex and bulky substituents than the straight-chain alkyl versions (42-56) mentioned 
earlier. Some common examples of these compounds contain isopropyl (-CH(CH3)2), 
trimethylphenyl (-C6H5(CH3)3) and adamantyl (-C10H15) substituents. One such 
compound, 1,3-diisopropylimidazolium chloride 66, has been synthesized in a few ways. 
The first account103, by Anthony Arduengo in 1991, involved the cyclization of glyoxal, 
an amine and formaldehyde in the presence of an acid at molar ratios of 1:2:1:1, 
respectively (see Figure 5). In detail, one part isopropylamine 63 was added to a 


















Figure 5. General schematic of imidazolium formation. 
cooled and a second part of 63 was introduced. This was followed by the addition of 6N 
HCl at a reaction temperature below 20°C. Next, aqueous glyoxal (40 %) was combined 
with the mixture and stirred for 1 h. Additional toluene was added and the water was 
removed from the mixture by distillation. The volatile components were evaporated and 
66 was collected at a 99 % yield. 
 Another common 1,3-disubstituted imidazolium is 1,3-bis(2,4,6-trimethylphenyl)- 
imidazolium chloride 68. Its synthesis, as reported by Nolan,104 uses similar reactants and 
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ratios as in the production of 66 . In the procedure, 2,4,6-trimethylaniline 65 (0.69 mol) 
was reacted with aqueous glyoxal (40 %; 0.31 mol) and formic acid (1 mL) in 500 mL of 
methanol at room temperature for 3 hr. The yellow precipitate was washed with cold 
methanol, dried, redissolved in ethyl acetate and cooled to 0°C. Next, paraformaldehyde 
(0.45 mol) and 4 N HCl (0.55 mol) were added to the mixture and reacted for 2.5 h. The 
formed solid was collected, dried and redissolved in dichloromethane with sodium 
carbonate. After the solid material was removed, the product 68 was precipitated with 
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 One other 1,3-disubstituted imidazolium compound to investigate is 1,3-bis(1-
adamantyl)imidazolium chloride 67. One account of its synthesis105 follows the 
procedure described by Arduengo for 66, 103 with 63 being replaced by 1-adamantylamine 
64. A second, more facile version106 treated 42 with an excess of 1-adamantylbromide 
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(2.0-2.4 eq.) in o-dichlorobenzene at 110°C for 6 h. Subsequent drying, purification and 
precipitation in hexane afforded crystals of 67. It is to be noted that the cations of 66-68, 
can be coupled with anions other than Cl- or Br- (i.e., X = I-, BF4-, PF6-, ClO4-) simply by 
using the appropriate acid (HX) in the formation of the imidazolium compound.103-106 
Imidazolium Lithium Phthalocyanine Approach  
Thus, formation of Li-ion conducting channels in 1 has been observed in the solid 
state. It becomes of interest, though, to see what effect cations other than Li+ would have 
on the properties of a lithium phthalocyanine matrix, especially operational 
characteristics pertaining to Li-ion battery applications. Therefore, it is easy to consider 
the preparation of cation-exchanged lithium phthalocyanines for such a purpose. As 
mentioned before, only three such compounds, tetra-n-butylammonium, tri-n-dodecyl-
butylammonium and bis(triphenylphosphine)iminium lithium phthalocyanines (36-38) 
have been reported.32-34 The use of imidazolium cations as an exchange material was 
proposed because there are currently no reports of an imidazolium lithium 
phthalocyanine synthesis.  As mentioned before, imidazolium compounds are desirable as 
electrolytes in Li-ion batteries due to their low vapor pressures, incombustibility, high 
ionic conductivities and large electrochemical windows. Thus, it is hypothesized that the 
formation of imidazolium lithium phthalocyanine compounds 2 may improve upon the 








Chemicals and Instrumentation 
Nuclear Magnetic Resonance (NMR) spectra were obtained using a Bruker 
Avance 300 spectrometer. All samples were run in DMSO-d6. Infrared spectra (IR) were 
recorded with a Genesis II FTIR spectrometer using KBr pellets under nitrogen gas. 
Absorbance spectra (UV/Vis) were obtained using a Varian Cary 5000 double beam 
spectrophotometer. All samples were run in DMSO. Melting points were obtained using 
an Electrothermal capillary melting point apparatus and are uncorrected. 
Thermogravimetric Analysis (TGA) data were obtained from a Perkin Elmer TGA7 
analyzer under nitrogen. 
Dilithium phthalocyanine 1 was obtained from Aldrich and purified.107 Alkyl  
methylimidazolium compounds108 1-ethyl-3-methylimidazolium chloride 42, 1-ethyl-3- 
methylimidazolium bis(pentafluoroethylsulfonyl)imide 52, 1-pentyl-3-  
methylimidazolium bis(pentafluoroethylsulfonyl)imide 55 and 1-hexyl-3- 
methylimidazolium chloride 68 were stored under anhydrous conditions (CaSO4) prior to 
use. Other imidazolium compounds, 1,3-bis(1-adamantyl)imidazolium tetrafluoroborate 
69 (97% assay), 1,3-di-iso-propylimidazolium tetrafluoroborate 70 (96%) and 1,3-
bis(2,4,6-trimethylphenyl)imidazolium chloride 58 (95%) were purchased from Aldrich. 
Reagent grade acetone and DMSO were obtained from Aldrich and reagent grade 
dichloromethane was obtained from BDM Chemicals. All solvents were dried using 4 Å 
molecular sieves and were used without further purification. 
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General Procedure for Synthesis of Imidazolium Lithium Phthalocyanines  
Procedure A 
The extraction of 0.5-1.5 g of 1 (0.95-2.69 mmol) was carried out using 100 mL 
of dry acetone via Soxhlet at 90°C. The extraction was performed until the refluxed 
solvent was colorless (approximately 48 h). The amount of 1 in solution was determined 
to be the difference between the starting amount and the residue left in the extraction 
thimble. After the extraction, the solution of 1 was allowed to cool. A solution containing 
an excess the 1,3-substituted imidazolium compound (~1.1 eq.) in H2O or acetone was 
added to the solution of 1. Any precipitate that formed was filtered. The filtrate was 
evaporated to approximately 20-30 mL under reduced pressure to the point of 
crystallization, sealed and crystallized at 5°C for 72 h. The solid obtained was filtered 
and dried in vacuo at 60°C for 18h. 
1-ethyl-3-methylimidazolium lithium phthalocyanine (71) 
 A solution of 0.399 g of 42 (2.72 mmol) in 2.0 mL of H2O was added to a 
solution of 1.060 g (2.01 mmol) of 1 in 100 mL of acetone. The solution was evaporated 
to approximately 20-30 mL under reduced pressure to the point of crystallization, sealed 
and crystallized at 5°C for 72 h. The resulting solid was redissolved in 50 mL of acetone 
with stirring (some undissolved solid remained) and washed by adding 500 mL of H2O to 
the solution. The product was isolated by filtration and dried to yield 1.020 g (80.4 %) of 
purple crystals. m.p. > 400°C; 1H NMR (300 MHz, DMSO-d6) δ = 9.35-9.25 (m, 8H, Ar-
H), 9.04 (s, 1H, Ar-H), 8.12-8.02 (m, 8H, Ar-H), 7.69 (dd, 2H, 3J = 1.7 Hz, 3J = 23.6 Hz, 
Ar-H), 4.14 (q, 2H, N-CH2), 3.80 (s, 3H, N-CH3), 1.37 (t, 3H, Al-CH3); 13C-NMR (75 
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MHz, DMSO-d6) δ = 154.14, 140.04, 136.12, 127.50, 123.50, 121.90, 121.57, 44.05, 
35.62, 15.03; IR (KBr) cm-1 = 3055 (Ar-H), 1604 (C-C), 1581 (C-N), 1483 (C-N), 1092 
(C-C), 1057 (C-N); UV/Vis (DMSO) λmax nm (log ε) = 665 (5.20), 636 (4.41), 601 
(4.42), 381 (4.47), 326 (4.48), 255 (4.55);  Anal. Calc. for C38H27LiN10 (630.63): C, 
72.37; H, 4.32; N, 22.21. Found: C, 72.70; H, 4.29; N, 21.95. 
1,3-bis(1-adamantyl)imidazolium lithium phthalocyanine (72) 
 The imidazolium salt 69 (0.884 g) was purified by dissolving it in 70 mL of 
acetone and filtering the insoluble impurities. The solution was evaporated to dryness to 
give 0.843 g (1.98 mmol) of the pure salt, which was redissolved in 10 mL of acetone and 
added to a solution of 0.991 g (1.98 mmol) of 1 in 100 mL of acetone. The solution was 
evaporated to approximately 20-30 mL under reduced pressure to the point of 
crystallization, sealed and crystallized at 5°C for 72 h. The resulting solid was 
redissolved in 125 mL of hot acetone with stirring (some undissolved solid remained). 
The volume was reduced and crystallized at 5°C. The dry product isolated by filtration 
gave 0.893 g (55.3 %) of purple crystals. m.p. 349-351°C; 1H NMR (300 MHz, DMSO-
d6) δ = 9.35-9.25 (m, 8H, Ar-H), 9.06 (s, 1H, Ar-H), 8.12-8.02 (m, 8H, Ar-H), 8.01 (d, 
2H, 3J = 1.1 Hz, Ar-H), 2.24-2.09 (m, 18H, Al-H), 1.82-1.62 (m, 12H, Al-H); 13C-NMR 
(75 MHz, DMSO-d6) δ = 154.14, 140.05, 131.23, 127.51, 119.31, 59.35, 41.46, 34.81, 
28.83; IR (KBr) cm-1 = 3053 (Ar-H), 2912 (C-H), 1604 (C-C), 1583 (C-N), 1485 (C-N), 
1092 (C-C), 1055 (C-N); UV/Vis (DMSO) λmax nm (log ε) = 665 (5.25), 636 (4.47), 601 
(4.48), 380 (4.55), 327 (4.55), 255 (4.63); Anal. Calc. for C55H49LiN10 (856.99): C, 77.08; 





The synthesis of 73 was varied from Procedure A in that reaction of the 
imidazolium and 1 was carried out under reflux. The rest of the procedure remained the 
same. 
1-ethyl-3-methylimidazolium lithium phthalocyanine (73) 
 A solution of 0.905 g 52 (1.84 mmol) and 0.957 g (1.82 mmol) of 1 in 100 mL of 
acetone was refluxed at 90°C for 18 h. The solid formed was filtered and the filtrate was 
reduced in volume, cooled and recrystallized at 5°C. The product was isolated by 
filtration and dried to yield 0.011 g (9.4 %) of purple crystals. m.p. > 400°C; 1H NMR 
(300 MHz, DMSO-d6) δ = 9.35-9.25 (m, 8H, Ar-H), 9.07 (s, 1H, Ar-H), 8.12-8.02 (m, 
8H, Ar-H), 7.71 (dd, 2H, 3J = 1.7 Hz, 3J = 32.8 Hz, Ar-H), 4.16 (q, 2H, N-CH2), 3.82 (s, 
3H, N-CH3), 1.39 (t, 3H, Al-CH3); 13C-NMR (75 MHz, DMSO-d6) δ = 154.13, 140.06, 
131.23, 127.51, 123.52, 121.92, 121.56, 44.07, 35.65, 15.05; IR (KBr) cm-1 = 3055 (Ar-
H), 1604 (C-C), 1583 (C-N), 1483 (C-N), 1093 (C-C), 1057 (C-N); UV/Vis (DMSO) 
λmax nm (log ε) = 665 (5.22), 636 (4.43), 601 (4.45), 380 (4.50), 334 (4.42), 254 (4.41); 
Anal. Calc. for C38H27LiN10 (630.63): C, 72.37; H, 4.32; N, 22.21. Found: C, 72.47; H, 
4.47; N, 22.04. 
Procedure C 
The synthesis of 74-76 was adopted from Homborg’s synthesis of 
tetraalkylammonium lithium phthalocyanines32-33 with modifications. In the current 
method, 1 was extracted with acetone via Soxhlet as previously described. The 
imidazolium salt (58, 69 or 70) was purified by dissolving it in CH2Cl2 and filtering the 
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insoluble impurities. The solution was evaporated to dryness to determine the mass of the 
imidazolium salt, which was then redissolved in CH2Cl2. The solutions of 1 and the 
imidazolium were mixed thoroughly in a separatory funnel, and the mixtures were 
washed with 100 mL of H2O four times. Any precipitate that formed was filtered from 
the organic layer, and the filtrate was evaporated to dryness, redissolved in 25 mL of 
CH2Cl2, sealed and crystallized at 5°C. The product was filtered and dried in vacuo at 
60°C. 
1,3-di-iso-propylimidazolium lithium phthalocyanine (74) 
 In a separatory funnel, a solution containing 0.648 g of purified 70 in 65 mL of 
CH2Cl2 was mixed with a solution of 1 (1.416 g, 2.69 mmol) in 100 mL of acetone. The 
mixture was extracted with water, and the organic layer was filtered to remove a small 
amount of precipitate. The filtrate was evaporated to dryness, redissolved in 25 mL of 
CH2Cl2, sealed and crystallized at 5°C. The product was isolated by filtration and dried to 
yield 0.458 g (25.3 %) of purple crystals. m.p. > 400°C; 1H NMR (300 MHz, DMSO-d6) 
δ = 9.35-9.25 (m, 8H, Ar-H), 9.21 (s, 1H, Ar-H), 8.12-8.02 (m, 8H, Ar-H), 7.88 (d, 2H,  
3J = 1.0 Hz, Ar-H), 4.56 (m, 2H, N-CH), 1.44 (d, 12H, -CHCH3); 13C-NMR (75 MHz, 
DMSO-d6) δ = 154.05, 140.40, 133.38, 127.41, 121.48, 120.51, 52.00, 22.17; IR (KBr) 
cm-1 = 3041 (Ar-H), 2983 (C-H), 1604 (C-C), 1579 (C-N), 1483 (C-N), 1092 (C-C), 1057 
(C-N); UV/Vis (DMSO) λmax nm (log ε) = 665 (5.35), 636 (4.52), 601 (4.54), 381 (4.61), 
331 (4.52), 255 (4.36); Anal. Calc. for C41H33LiN10 (672.71): C, 73.20; H, 4.94; N, 20.82. 




1,3-bis(1-adamantyl)imidazolium lithium phthalocyanine (75) 
 In a separatory funnel, a solution containing 0.788 g of purified 69 in 65 mL of 
CH2Cl2 was mixed with a solution of 1 (0.966 g, 1.84 mmol) in 100 mL of acetone. The 
mixture was extracted with water, and the organic layer was filtered to remove a small 
amount of precipitate. The filtrate was evaporated to dryness, redissolved in 25 mL of 
CH2Cl2, sealed and crystallized at 5°C. The product was isolated by filtration and dried to 
yield 0.462 g (29.4 %) of purple crystals. m.p. 345-347°C; 1H NMR (300 MHz, DMSO-
d6) δ = 9.35-9.25 (m, 8H, Ar-H), 9.07 (s, 1H, Ar-H), 8.12-8.02 (m, 8H, Ar-H), 8.03 (d, 
2H, 3J = 1.1 Hz, Ar-H), 2.24-2.09 (m, 18H, Al-H), 1.82-1.62 (m, 12H, Al-H); 13C-NMR 
(75 MHz, DMSO-d6) δ = 154.13, 140.07, 131.28, 127.49, 121.56, 119.53, 59.54, 41.48, 
34.83, 28.84; IR (KBr) cm-1 = 3055 (Ar-H), 2912 (C-H), 1604 (C-C), 1583 (C-N), 1483 
(C-N), 1090 (C-C), 1055 (C-N);. UV/Vis (DMSO) λmax nm (log ε) = 665 (5.34), 636 
(4.53), 601 (4.55), 380 (4.47), 331 (4.53), 255 (4.39); Anal. Calc. for C55H49LiN10 
(856.99): C, 77.08; H, 5.76; N, 16.34. Found: C, 76.17; H, 5.91; N, 15.86. 
1,3-(2,4,6-trimethylphenyl)imidazolium lithium phthalocyanine (76) 
 In a separatory funnel, a solution containing 0.718 g of purified 58 in 65 mL of 
CH2Cl2 was mixed with a solution of 1 (1.417 g, 2.69 mmol) in 100 mL of acetone. The 
mixture was extracted with water, and the organic layer was filtered to remove a small 
amount of precipitate. The filtrate was evaporated to dryness, redissolved in 25 mL of 
CH2Cl2, sealed and crystallized at 5°C. The product was isolated by filtration and dried to 
yield 0.954 g (41.2 %) of a teal colored solid. m.p. 334-336°C; 1H NMR (300 MHz, 
DMSO-d6) δ = 9.51 (s, 1H, Ar-H), 9.35-9.25 (m, 8H, Ar-H), 8.20 (d, 2H, 3J = 0.5 Hz, Ar-
H), 8.12-8.02 (m, 8H, Ar-H), 7.12 (s, 4H, Ar-H), 2.30 (s, 6H, Ar-CH3), 2.03 (s, 12H, Ar-
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CH3); 13C-NMR (75 MHz, DMSO-d6) δ = 154.05, 140.42, 140.00, 138.23, 134.07, 
130.76, 129.17, 127.41, 124.61, 121.48, 20.46, 16.67; IR (KBr) cm-1 =3055 (Ar-H), 2980 
(C-H) 1604 (C-C), 1539 (C-N), 1483 (C-N), 1090 (C-C), 1055 (C-N); UV/Vis (DMSO) 
λmax nm (log ε) = 665 (5.20), 636 (4.41), 601 (4.42), 380 (4.49), 333 (4.39), 256 (4.29); 
Anal. Calc. for C53H41LiN10 (824.90): C, 77.17; H, 5.01; N, 16.98. Found: C, 77.05; H, 
5.13; N, 16.97. 
Procedure D 
 Purified Li2Pc was obtained by dissolving 0.5 g 1107 in 100 mL of dry acetone at 
room temperature, after which the undissolved material was filtered. The amount of 1 in 
solution was determined to be the difference of the starting material and the dry filtered 
solid. A solution containing an excess of the imidazolium compound was prepared in 
H2O or acetone, added to the 1 solution and stirred for 18 h. Any precipitate formed was 
filtered, and the filtrate was evaporated to approximately 20-30 mL under reduced 
pressure (to the point of crystallization), sealed and crystallized at 5°C for 18 h. The 
product was filtered and dried in vacuo at 60°C for 18h.  
1-ethyl-3-methylimidazolium lithium phthalocyanine (77) 
 A solution containing 0.053 g (0.362 mmol) of 42 in 0.2 ml of H2O was added to 
a solution of 1 (0.190 g, 0.362 mmol) in 100 mL of acetone and stirred for 18 h. No 
precipitate formed, and the filtrate was evaporated and crystallized at 5°C for 18 h. The 
product was isolated by filtration and dried to yield 0.050 g (22.0 %) of purple crystals. 
m.p. > 400°C; 1H NMR (300 MHz, DMSO-d6) δ = 9.35-9.25 (m, 8H, Ar-H), 9.07 (s, 1H, 
Ar-H), 8.12-8.02 (m, 8H, Ar-H), 7.71 (dd, 2H, 3J = 1.7 Hz, 3J = 23.7 Hz, Ar-H), 4.16 (q, 
2H, N-CH2), 3.82 (s, 3H, N-CH3), 1.39 (t, 3H, Al-CH3); 13C-NMR (75 MHz, DMSO-d6) 
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δ = 154.13, 140.07, 136.15, 127.49, 123.51, 121.91, 44.07, 35.64, 15.05; IR (KBr) cm-1 = 
3053 (Ar-H), 1604 (C-C), 1583 (C-N), 1483 (C-N), 1093 (C-C), 1057 (C-N);  UV/Vis 
(DMSO) λmax nm (log ε) = 665 (5.20), 636 (4.41), 601 (4.42), 380 (4.47), 330 (4.48), 254 
(4.55); Anal. Calc. for C38H27LiN10 (630.63): C, 72.37; H, 4.32; N, 22.21. Found: C, 
69.44; H, 4.88; N, 20.31. 
1-pentyl-3-methylimidazolium lithium phthalocyanine (78) 
 A solution containing 0.380 g (0.713 mmol) of 53 and 0.347 g (0.659 mmol) of 1 
in 100 ml of acetone was stirred for 18 h. The precipitate formed was filtered, and the 
filtrate was evaporated and crystallized at 5°C for 18 h. The product was isolated by 
filtration and dried to yield 0.317 g (71.4 %) of purple crystals. m.p. > 400°C; 1H NMR 
(300 MHz, DMSO-d6) δ = 9.35-9.25 (m, 8H, Ar-H), 9.01 (s, 1H, Ar-H), 8.12-8.02 (m, 
8H, Ar-H), 7.66 (dd, 2H, 3J = 1.5 Hz, 3J = 16.4 Hz, Ar-H), 4.06 (t, 2H, N-CH2), 3.79 (s, 
3H, N-CH3), 1.71 (m, 2H, -CH2-), 1.38-1.08 (m, 4H, -CH2-), 0.83 (t, 3H, -CH3); 13C-
NMR (75 MHz, DMSO-d6) δ = 154.14, 140.07, 136.36, 127.50, 123.52, 122.56, 121.57, 
48.65, 35.66, 28.96, 27.54, 21.42, 13.68; IR (KBr) cm-1 =3053 (Ar-H), 2954 (C-H), 1604 
(C-C), 1583 (C-N), 1485 (C-N), 1090 (C-C), 1056 (C-N); UV/Vis (DMSO) λmax nm (log 
ε) = 666 (5.33), 636 (4.53), 602 (4.55), 377 (4.60), 327 (4.66), 255 (4.74); Anal. Calc. for 
C41H33LiN10 (672.71): C, 73.20; H, 4.94; N, 20.82. Found: C, 72.89; H, 4.97; N, 20.45. 
1-hexyl-3-methylimidazolium lithium phthalocyanine (79) 
 A solution containing 0.054 g (0.267 mmol) of 68 and 0.134 g (0.257 mmol) of 1 
in 100 ml of acetone was stirred for 18 h. The precipitate formed was filtered, and the 
filtrate was evaporated and crystallized at 5°C for 18 h. The product was isolated by 
filtration and dried to yield 0.078 g (45.1 %) of purple crystals. m.p. 361-364°C; 1H 
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NMR (300 MHz, DMSO-d6) δ = 9.35-9.25 (m, 8H, Ar-H), 9.04 (s, 1H, Ar-H), 8.12-8.02 
(m, 8H, Ar-H), 7.72 (dd, 2H, 3J = 1.6 Hz, 3J = 17.3 Hz, Ar-H), 4.10 (t, 2H, N-CH2), 3.81 
(s, 3H, N-CH3), 1.73 (m, 2H, -CH2-), 1.35-1.10 (m, 6H, -CH2-), 0.84 (t, 3H, -CH3); 13C-
NMR (75 MHz, DMSO-d6) δ = 154.14, 140.07, 136.41, 127.50, 123.54, 122.18, 121.57, 
48.69, 35.68, 30.48, 29.25, 25.07, 21.81, 13.79; IR (KBr) cm-1 = 3051 (Ar-H), 2931 (C-
H,) 1604 (C-C), 1583 (C-N), 1485 (C-N), 1090 (C-C), 1057 (C-N); UV/Vis (DMSO) 
λmax nm (log ε) = 665 (5.15), 636 (4.36), 601 (4.38), 380 (4.42), 334 (4.32), 254 (4.38); 
Anal. Calc. for C42H35LiN10 (687.74): C, 73.46; H, 5.14; N, 20.40. Found: C, 73.73; H, 







RESULTS AND DISCUSSION 
  In this study, imidazolium lithium phthalocyanine complexes (ImLiPc) 71-79 
were synthesized via cation exchange between dilithium phthalocyanine 1 and 1,3-di-
substituted imidazolium compounds 2, where the imidazolium cation (Im+) contained a 
combination of methyl, ethyl, pentyl, hexyl, diisopropyl, 1-adamantyl or 2,4,6- 
trimethylphenyl substituents. The complexes were obtained in a range of poor to good 
yields (9-80 %) and displayed poor solubility (< 5 mg/mL) in several common organic 
solvents (Figure 6). Their compositional, structural, absorption and thermal properties 













































71, 73, 77 7472, 75 797876  
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FT-IR spectrometry, Single-Crystal X-ray Diffraction, UV-Vis spectroscopy and 
Thermogravimetric Analysis. It was postulated that the exchanged materials would 
consist of 1,3-di-substituted imidazolium cations dispersed within a matrix of lithium 
phthalocyanine anions (LiPc-), presumably at a 1:1 ratio. Absorption properties of 
ImLiPcs were expected to be very similar to those of 1 while their thermal stabilities 




























Figure 6. Solubility comparisons of 1 and 71-79 in various organic solvents. 
NMR Spectroscopy 
 In this study, NMR spectroscopic techniques were used as the primary means for 
identifying ImLiPcs 71-79 and their parent materials due to their pronounced accuracy 
and ease of operation. Poor solubility was a major issue for the ImLiPcs which limited 
the selection of solvents that could be used for spectroscopy. For 1 and its imidazolium 
derivatives, dimethyl sulfoxide (DMSO) seemed to have the best solvating ability and 
therefore DMSO-d6 was used for all 1H-NMR and 13C-NMR acquisitions. Due to the low 
concentrations of 1 and ImLiPcs, long-term acquisitions were necessary to obtain 
adequate resolution in the spectra (1H-NMR – 500 scans at 300 MHz, 13C-NMR – 6000+ 
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scans at 75 MHz). Predictions made by ChemDraw™ software were used to aid the 
assignments of 1H and 13C-NMR peak positions and relative intensities 
1H-NMR Spectra of Imidazolium Lithium Phthalocyanines 
 Spectra obtained from 1H-NMR experiments were very useful to initially confirm 
the identities and structural characteristics of the desired ImLiPcs. These compounds 
have distinctive 1H chemical shifts (δ) in the aliphatic (0.8-4.5 δ) and aromatic (7.5-
10.0 δ) regions of the spectra. Absorptions in the aliphatic region are attributed to alkyl 
substituents attached to the 1 and 3 positions (N and N’) of the imidazolium ring (i.e., 
ethyl, pentyl, hexyl, diisopropyl, adamantyl) or on phenyl substituents (i.e., 
trimethylphenyl). In the aromatic region, peaks from Im+ and LiPc- ring protons can be 
observed. Due to the symmetry of the LiPc- ring (Figure 7), only two multiplets are 
observed (Figure 8), consistently appearing at about  9.38 δ (position c) and 8.03 δ 
(position d, Figure 7), respectively, for all ImLiPc compounds. The chemical shifts for 













Figure 7. Structure of LiPc- with unique carbons labeled a-d.  
Dashed lines (------) represent axes of symmetry. 
 
positions c and d are believed to result from local anisotropy effects, delocalized 
shielding from the benzene rings and delocalized shielding from the 18 π-electron, 16 
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atom inner ring.107 These patterns are consistent with those previously noted for 1 and 
other non-substituted MPcs.107-108 Extraneous peaks at about 2.1, 2.5 and 3.3 δ resulted 
from acetone and DMSO impurities.  
 
Figure 8. 1H NMR Spectrum of 1 – expanded aromatic region. 
Peaks are labeled c and d according to their respective positions  
on the phthalocyanine ring.  
 
Peak patterns for the Im+ ions are dependent upon substituents on the 1 and 3 
positions (see Figure 9). If the substituents are the same, the ion is symmetric, and two 
singlets should be observed between  7.0-10.0 δ (positions x and y-y′). On the other hand, 
if the substituents are not the same, then the ion is asymmetric, and the protons would  



















(i) (ii) (iii)  
Figure 9. The 1,3-disubstituted imidazolium cation: position  
numbering (i) and unique carbon labeling of symmetric cation (ii)  




splitting by vicinal protons at the 4 and 5 positions. The 1-alkyl-3-methylimidazoliums, 
42, 52, 55, and 68, were consistent with this, as seen, for example, in the aromatic region 
of 55, where a singlet at  9.10 δ and a pair of doublets at 7.72 δ (3J = 1.8 Hz) appear (see 
Figure 10). This behavior is also constant in their respective cation exchanged ImLiPcs 
(71, 73, 77-79), such as with 78 (see Figure 10). Here, the Im+ ring peaks for 55 to 78 
have shifted slightly from 9.10 δ and 7.72 δ to 9.01 δ and 7.66 δ. The peak center of the 
non-peripheral phthalocyanine protons (position c) in 78 also shifts from that of 1, going 
from 9.29 δ to 9.31 δ. Although slight, these differences in chemical shifts may suggest 
interactions between the imidazolium and phthalocyanine rings. 
 
 
Figure 10. 1H NMR Spectrum of 55 and 78 – expanded aromatic regions. 















Interestingly, though, patterns of the aromatic regions of 58, 69 and 70 deviate 
slightly from what would be expected, such as with 69, where a doublet is viewed at  8.09 
δ (3J = 0.88 Hz) instead of a singlet. This behavior also occurs for 58 and 70 (see Figure 
11), along with their ImLiPc derivatives (72, 74-76). This suggests that there might be 
slight asymmetry of the “symmetric” Im+ cations, which may be due to unequivalent 
intramolecular forces within the cation or intermolecular interactions with the anion or 
solvent molecules. 
 
Figure 11. 1H NMR Spectrum of 69 – expanded aromatic region. 
 In addition to identification, 1H-NMR spectroscopy was also used to determine 
the ratio of Im+ cations to LiPc- anions in the ImLiPc complexes. In their reactions, 
imidazolium salts and 1 were reacted at a 1:1 molar ratio, and therefore it was assumed 
that the Im+ and LiPc- ions would complex at the same ratio. Integrating peaks associated 
with LiPc- and Im+ protons gave values of the number of protons assigned to one peak 
relative to the others. These values were calculated and standardized, setting the value of 
one phthalocyanine peak to 8.00, the expected number. By summing the values for LiPc-   






Figure 12. 1H NMR Spectrum of 76 with integration values shown. 
protons and comparing them to the summed values of the Im+ protons, it was found that 
the Im+ and LiPc- ions do indeed form a complex at a 1:1 ratio. For example, LiPc- and 
Im+ protons in 76 integrated to values of 16.03 and 25.06, as seen in Figure 12, which 
are essentially equivalent to the expected values of 16 and 25. This analysis was 
consistent for all ImLiPc complexes. Spectral data of these compounds can be viewed in 
Table 5. 
13C-NMR Spectra of Imidazolium Lithium Phthalocyanines 
 Spectra obtained from 13C-NMR experiments were used for identification of 
unique carbon atoms of ImLiPcs to supplement the determination of their compositions 
and structural characteristics. Absorptions in the 10−60 ppm region are attributed to 
unique carbons of aliphatic substituents attached to the Im+ nitrogens while aromatic 
carbons of LiPc- and Im+ ions are distinguishable in the 120-160 ppm region. Labeling of 
unique carbons of LiPc- and Im+ can be seen in Figures 6 and 8. Absorptions due to 
unique phthalocyanine carbons appear as four tall peaks (Figure 13), approximately at 
121, 127, 140 and 154 ppm (positions d, c, b and a, respectively), each attributing to 8 










symmetry) around 119-124 ppm and 132-139 ppm (positions x and y-z). Chemical shifts 
of ImLiPc carbons were essentially unvarying compared to their starting materials, 
adjusting no more than a few hundredths of a ppm. Extraneous peaks at about 31 and 39 
ppm result from acetone and DMSO impurities. 
 
Figure 13. 13C-NMR Spectrum of 1 – expanded aromatic region. 
The structural information produced by 13C-NMR spectra differed somewhat from 
that given by 1H-NMR spectra. As mentioned earlier, aromatic regions of 1H-NMR 
spectra indicated a small amount of asymmetry in the “symmetric” Im+ ions of 72, 75-77. 
However, this behavior is not seen in their 13C-NMR spectra, where only two unique 
carbons are seen for the Im+ rings rather than three. For example, the spectrum of 75 
(Figure 14) shows four tall peaks due to the LiPc- ring and two smaller peaks, owing to 
the Im+ ring, with the one at 119.5 ppm representing two identical carbons. Thus, the idea 
of asymmetry in the “symmetric” Im+ ions is not entirely conclusive.  
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Distortionless Enhancement by Polarization Transfer (DEPT) 13C-NMR spectra 
were very useful in differentiating carbons with different degrees of bonding. DEPT-90 
was used to distinguish only methine (-CH) carbons seen as positive peaks while DEPT-
135 was used to discern methine and methyl (-CH and CH3) carbons from methylene (-
CH2) carbons, which are viewed as positive and negative peaks, respectively. For 
example, the 13C-NMR spectrum of 58 (Figure 15) shows two peaks in the aliphatic 
region along with six aromatic peaks. The aliphatic carbons are easily assigned to the 
methyl groups on the phenyl rings, but the aromatic region is tougher to analyze. Looking 
at the DEPT-90 spectrum (Figure 15), it becomes much easier to determine the identity 
of molecule’s carbons. Now, the aromatic region shows only methine carbons, in which 
peaks can be assigned to the x and y-y′ positioned Im+ carbons (124.76 and 138.51 ppm) 






















Figure 15. 13C-NMR (top) and 13C-NMR-DEPT 90 (bottom) spectra of 58.  
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knowledge can be used to differentiate between the ortho (134.25 ppm) and para (140.54 
ppm) carbons of the phenyl rings. Therefore, DEPT 90 and DEPT 135 acquisitions were 
used to make carbon assignments for all other imidazolium reactants, which in turn were 
used to make carbon assignments for the ImLiPc complexes. 
 Analysis of the 13C-NMR spectra of the ImLiPc complexes contributed to the 
determinations previously made by 1H-NMR experiments by reaffirming the 
compositions of the desired compounds. Peaks characteristic of LiPc- and Im+ ions were 
present in all ImLiPc spectra. Data from these spectra can be viewed in Table 5. NMR 
spectra of 71-79 can be viewed along with their respective starting materials in Figures 
29-61. 
Table 5. 1H-NMR and 13C-NMR spectral data for compounds 71-79 
Compound Number 
1H NMR (δ) 
(DMSO-d6) 














9.35-9.25 (m, 8H, Ar-H) 
9.04 (s, 1H, Ar-H) 
8.12-8.02 (m, 8H, Ar-H) 
7.69 (dd, 2H, Ar-H) 
4.14 (q, 2H, N-CH2) 
3.80 (s, 3H, N-CH3) 
1.37 (t, 3H, Al-CH3) 
 
 
154.14 (Ar, CH; Pc) 
140.07 (Ar, CH; Pc) 
136.12 (Ar, CH; Im) 
127.50 (Ar, CH; Pc) 
123.50 (Ar, CH; Im) 
121.90 (Ar, CH; Im) 















9.35-9.25 (m, 8H, Ar-H) 
9.06 (s, 1H, Ar-H) 
8.12-8.02 (m, 8H, Ar-H) 
8.01 (d, 2H, Ar-H) 
2.24-2.09 (m, 18H, Al-H) 
1.82-1.62 (m, 12H, Al-H) 
 
 
154.14 (Ar, CH; Pc) 
140.05 (Ar, CH; Pc) 
131.23 (Ar, CH; Im) 
127.51 (Ar, CH; Pc) 
121.57 (Ar, CH; Pc) 
119.31 (Ar, CH; Im) 
















9.35-9.25 (m, 8H, Ar-H) 
9.07 (s, 1H, Ar-H) 
8.12-8.02 (m, 8H, Ar-H) 
7.71 (dd, 2H, Ar-H) 
4.16 (q, 2H, N-CH2) 
3.82 (s, 3H, N-CH3) 
1.39 (t, 3H, Al-CH3) 
 
154.13 (Ar, CH; Pc) 
140.06 (Ar, CH; Pc) 
136.15 (Ar, CH; Im) 
127.50 (Ar, CH; Pc) 
123.52 (Ar, CH; Im) 
121.92 (Ar, CH; Im) 















9.35-9.25 (m, 8H, Ar-H) 
9.21 (s, 1H, Ar-H) 
8.12-8.02 (m, 8H, Ar-H) 
7.88 (d, 2H, Ar-H) 
4.56 (m, 2H, N-CH) 
1.44 (d, 12H, -CHCH3) 
 
 
154.05 (Ar, CH; Pc) 
140.40 (Ar, CH; Pc) 
133.38 (Ar, CH; Im) 
127.41 (Ar, CH; Pc) 
121.48 (Ar, CH; Pc) 














9.35-9.25 (m, 8H, Ar-H) 
9.07 (s, 1H, Ar-H) 
8.12-8.02 (m, 8H, Ar-H) 
8.03 (d, 2H, Ar-H) 
2.24-2.09 (m, 18H, Al-H) 
1.82-1.62 (m, 12H, Al-H) 
 
 
154.13 (Ar, CH; Pc) 
140.07 (Ar, CH; Pc) 
131.28 (Ar, CH; Im) 
127.49 (Ar, CH; Pc) 
121.56 (Ar, CH; Pc) 
119.53 (Ar, CH; Im) 
















9.51 (s, 1H, Ar-H) 
9.35-9.25 (m, 8H, Ar-H) 
8.20 (d, 2H, Ar-H) 
8.12-8.02 (m, 8H, Ar-H) 
7.12 (s, 4H, Ar-H) 
2.30 (s, 6H, Ar-CH3) 
2.03 (s, 12H, Ar-CH3) 
 
 
154.05 (Ar, CH; Pc) 
140.42 (Ar, N-C) 
140.00 (Ar, CH; Pc) 
138.23 (Ar, CH; Im) 
134.07 (Ar, C) 
130.76 (Ar, C) 
129.17 (Ar, CH) 
127.41 (Ar, CH; Pc) 
124.61 (Ar, CH; Im) 














9.35-9.25 (m, 8H, Ar-H) 
9.07 (s, 1H, Ar-H) 
8.12-8.02 (m, 8H, Ar-H) 
7.71 (dd, 2H, Ar-H) 
4.16 (q, 2H, N-CH2) 
3.82 (s, 3H, N-CH3) 
1.39 (t, 3H, Al-CH3) 
 
154.13 (Ar, CH; Pc) 
140.07 (Ar, CH; Pc) 
136.15 (Ar, CH; Im) 
127.49 (Ar, CH; Pc) 
123.51 (Ar, CH; Im) 
121.91 (Ar, CH; Im) 















9.35-9.25 (m, 8H, Ar-H) 
9.01 (s, 1H, Ar-H) 
8.12-8.02 (m, 8H, Ar-H) 
7.66 (dd, 2H, Ar-H) 
4.06 (t, 2H, N-CH2) 
3.79 (s, 3H, N-CH3) 
1.71 (m, 2H, -CH2-) 
1.38-1.08 (m, 4H, -CH2-) 
0.83 (t, 3H, -CH3) 
 
 
154.14 (Ar, CH; Pc) 
140.07 (Ar, CH; Pc) 
136.36 (Ar, CH; Im) 
127.50 (Ar, CH; Pc) 
123.52 (Ar, CH; Im) 
122.56 (Ar, CH; Im) 

















9.35-9.25 (m, 8H, Ar-H) 
9.04 (s, 1H, Ar-H) 
8.12-8.02 (m, 8H, Ar-H) 
7.72 (dd, 2H, Ar-H) 
4.10 (t, 2H, N-CH2) 
3.81 (s, 3H, N-CH3) 
1.73 (m, 2H, -CH2-) 
1.35-1.10 (m, 6H, -CH2-) 




154.14 (Ar, CH; Pc) 
140.07 (Ar, CH; Pc) 
136.41 (Ar, CH; Im) 
127.50 (Ar, CH; Pc) 
123.54 (Ar, CH; Im) 
122.18 (Ar, CH; Im) 








Ar – aromatic; Al- aliphatic; Pc – phthalocyanine ring; Im – imidazolium ring 
Infrared Spectrometry 
 Since the identities of 71-79 have been well established by 1H and 13C-NMR 
experiments, FT-IR spectra were used to investigate their vibrational features. Being 
ionic complexes, ImLiPcs exhibited vibrations characteristic of both 1 and 2. Peaks were 
assigned by using previous IR studies3,32,111 of 1 and 2 as a guide. Many strong bands 
relative to the LiPc- ring appear between 1650 and 700 cm-1 as seen in the spectrum of 74 
























Figure 16. IR spectrum of 74 (1650-700 cm-1). 
and 1483 cm-1 account for the benzo C-C stretching and the C-N stretching of the 
isoindoline units. Another phthalocyanine stretching mode can be seen at 1057 cm-1, 
which is from the C-N bond at the meso position of the ring. In the same region, 
vibrations due to bonds in the imidazolium ring can also be seen, such as the peaks at 
1583 cm-1 (C-N stretching) and 1090 cm-1 (C-C stretching). These peaks were found to 
be virtually unvarying among all ImLiPcs and are quite comparable to the 
























Figure 17. IR spectrum of 72 (3200-2400 cm-1). 
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  A few bands that were also common in all ImLiPcs were located in the 3060-3040 
cm-1 and 2925-2910 cm-1 regions. This is demonstrated in the spectrum of 72 (Figure 
17). The peak at 3053 cm-1 results from stretching of the benzo C-H bonds on the 
phthalocyanine ring, while aliphatic C-H stretching of the adamantyl substituents is 
ascribed to the peak at 2912 cm-1. Although numerous bands exist in the ImLiPc spectra, 
only several key transmissions were recorded for each compound, which can be viewed 
in Table 6. IR spectra of 71-79 can be viewed along with their respective starting 
materials in Figures 62-77. 
Table 6. Infrared spectral data for compounds 71-79 














3055 (C-H; Pc) 
1604 (C-C; Pc) 
1581 (C-N; Im) 
1483 (C-N; Pc) 
1092 (C-C; Im) 











3053 (C-H; Pc) 
2912 (C-H; Al) 
1604 (C-C; Pc) 
1583 (C-N; Im) 
1485 (C-N; Pc) 
1092 (C-C; Im) 












3055 (C-H; Pc) 
1604 (C-C; Pc) 
1581 (C-N; Im) 
1485 (C-N; Pc) 
1092 (C-C; Im) 












3041 (C-H; Pc) 
2983 (C-H; Al) 
1604 (C-C; Pc) 
1579 (C-N; Im) 
1483 (C-N; Pc) 
1090 (C-C; Im) 











3055 (C-H; Pc) 
2912 (C-H; Al) 
1604 (C-C; Pc) 
1583 (C-N; Im) 
1483 (C-N; Pc) 
1090 (C-C; Im) 











3055 (C-H; Pc) 
2980 (C-H; Al) 
1604 (C-C; Pc) 
1599 (C-N; Im) 
1483 (C-N; Pc) 
1090 (C-C; Im) 












3053 (C-H; Pc) 
1604 (C-C; Pc) 
1583 (C-N; Im) 
1483 (C-N; Pc) 
1093 (C-C; Im) 










3053 (C-H; Pc) 
2954 (C-H; Al) 
1604 (C-C; Pc) 
1583 (C-N; Im) 
1485 (C-N; Pc) 
1090 (C-C; Im) 










3051 (C-H; Pc) 
2931 (C-H; Al) 
1604 (C-C; Pc) 
1583 (C-N; Im) 
1485 (C-N; Pc) 
1090 (C-C; Im) 
1057 (C-N; Pc) 
Ar – aromatic; Al- aliphatic; Pc – phthalocyanine ring; Im – imidazolium ring 
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Elemental Analysis 
 Elemental analysis was performed in order to help verify the composition and 
purity of ImLiPcs 71-79. Percent composition of carbon, hydrogen and nitrogen were 
determined112 and are reported in Table 7. Generally, a compound is considered to be 
pure if the determined composition of each element remains within a 0.5 % deviation of 
the calculated value. Compounds 71, 72, 76, 78 and 79 are within this limit for carbon, 
hydrogen, and nitrogen, and therefore can be considered quite pure. Also, the small 
differences between calculated and determined compositions can be greatly appreciated 
due to the large number of carbon and hydrogen atoms present.  
Compound 74 is only really deviant in its carbon composition, and therefore can 
be deemed fairly pure. Larger deviations are seen in 73 and 77, suggesting poor purity 
compared to the other compounds. Thus, it can be said that compounds synthesized by 
Procedures A and D are obtained in good purity, compounds from Procedure C yield 
decent purity, and products from Procedure B are not very pure. 
 Elemental compositions can be affected in several ways. The compound could 
contain foreign substances, unreacted starting material or even completely undesired 
products. It is also common for compositional determinations to be skewed due to solvent 
molecules being trapped within crystal structure of the compound. Such is the case for 72 
and 75, which were shown to contain water and acetone molecules within their crystal 
structures, a topic that will be discussed later. Taking this into consideration, the 
compound could be more or less pure than experimentally determined. For example, the 
confirmed composition of 72 and 75, C58H56LiN10O, differs from the expected formula, 
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C55H49LiN10, such as to raise the deviations of the determined elemental compositions 
above the allowed error threshold. These are noted for 72* and 75* in Table 7. 
Table 7. Elemental Analysis data for 71-79. 






















71 C38H27LiN10 630.63 72.37 4.32 22.21 72.70 4.29 21.95 0.33 0.03 0.26 
72 C55H49LiN10 856.99 77.08 5.76 16.34 76.89 5.90 15.94 0.19 0.14 0.40 
72* C58H56LiN10O 933.08 74.66 6.16 15.01 76.89 5.90 15.94 2.23 0.26 0.93 
73 C38H27LiN10 630.63 72.37 4.32 22.21 71.77 4.79 20.56 0.60 0.47 1.65 
74 C41H33LiN10 672.71 73.20 4.94 20.82 72.11 5.06 20.29 1.09 0.12 0.53 
75 C55H49LiN10 856.99 77.08 5.76 16.34 76.17 5.91 15.86 0.91 0.15 0.48 
75* C58H56LiN10O 933.08 74.66 6.16 15.01 76.89 5.90 15.94 1.51 0.27 0.85 
76 C53H41LiN10 824.90 77.17 5.01 16.98 77.05 5.13 16.97 0.12 0.12 0.01 
77 C38H27LiN10 630.63 72.37 4.32 22.21 69.44 4.88 20.31 2.93 0.56 1.90 
78 C41H33LiN10 672.71 73.20 4.94 20.82 72.89 4.97 20.45 0.31 0.03 0.37 
79 C42H35LiN10 686.74 73.46 5.14 20.40 73.73 5.29 20.41 0.27 0.15 0.01 
 
UV-Vis Absorption Spectroscopy 
 As previously mentioned, phthalocyanines are known to exhibit profound 
absorption properties. Such is the case for 1 and its imidazolium derivatives 71-79. Since 
the absorption for 1 is so strong (ε having a magnitude of 104-105 M-1cm-1),47,63 it can be 
assumed that the absorptions of 71-79 will take on character more similar to 1 than those 
of the initial imidazolium compounds, which do not exhibit significant absorptions.113 
This proposal holds true, which can be seen in the UV-Vis spectra of 71-79 (Figures 78-
87). For example, in Figure 18, it can be seen that the spectra of 1 and 71-79 are 
essentially identical in their peak positions, varying only slightly between 300-350 nm. 
Main absorptions occur in the B-band (255, 330 and 381 nm) and Q-band (601, 636 and 
665 nm), the latter being more dominant. These values are also very comparable to those 
of tetraalkylammonium lithium phthalocyanines 36-37 synthesized by Homborg and  
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Figure 18. UV-Vis spectra of 1 - 79. 
Kalz.32 As mentioned before, strong absorption of phthalocyanines in the 600-700 nm 
region relates to their blue to purple color as solids and brilliant blue color in solution, as 
seen with 71-79. 
Where the ImLiPcs do seem to differ is in their molar absorptivities (ε), in which 
variations can be seen in Figure 19. Most appear to be similar to 1 in this aspect, 
although they are generally lower. The confidence of this judgment, though, is not very 
high due to the uncertainty of the concentrations of ImLiPc solutions used, which was as 
high as 33 % in some cases. This arises partially from the poor solubility of the 
compounds, in which undissolved material had to be filtered from their solutions, making  
the amount of dissolved material less well known. In addition, dilutions of the solutions 
add to the uncertainty but were necessary to bring the absorptions down to the 0.5-1.0 
range, aiding to the integrity of the absorption measurements. 
Thus, it can be concluded that 71-79 are essentially identical to 1 with respect to 
their bands of absorption, suggesting that cations complexed with LiPc- have no bearing 
on its absorption. On the other hand, similarities in the degrees of absorption between 1 
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Figure 19. Comparison of molar absorptivities (ε) for compounds 1 and 71-79. 
Table 8. UV-Vis spectral data for 1 and 71-79. 






































































































































































































 Phthalocyanines, such as 1, are known to have good thermal properties,6-7 and 
therefore, ImLiPcs should too, ideally. The thermal properties of 71-79 were 
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characterized through melting point determination and Thermogravimetric Analysis 
(TGA). First, melting points were determined. It was discovered that most ImLiPcs, 
comparable to 1, did not have a determinable melting point below 400°C, as seen in 
Table 9. Rather, these compounds began to slowly degrade above 320°C. Only four 
compounds, 72, 75, 76 and 79, displayed actual melting points, which ranged from 330° 
to 365°C. This behavior can be reasoned by taking into consideration the imidazolium 
substituents of these compounds (hexyl, adamantyl, trimethylphenyl). Ideally, these 
larger/bulkier groups would create more separation between the Im+ and LiPc- ions than 
would the shorter alkyl chains of 71, 73, 74, 77 and 78, making their intermolecular 
associations weaker. In turn, less thermal energy would be required to dissociate the 
molecules within the structure, resulting in a lowered melting point. This trend appears to 
hold true when comparing 79 to 72, 75 and 76, where its hexyl substituent has far less 
bulk than the adamantyl or trimethylphenyl substituents, thus making sense out its higher 
melting point (361-364°C) among the others. This type of comparison, though, would be 
harder to justify between the ImLiPcs containing either adamantyl or trimethylphenyl 
substituents since their differences in size and bulk are less distinguishable. 
Table 9. Melting points for compounds 71-79 
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361 - 364 
   
Additional thermal characterization of ImLiPcs was achieved through TGA, in 
which weight loss was observed as a factor of temperature or time. First, 71-79 were 
heated from 50-450°C at a linear rate of 10°C/min and their degradation was monitored 
as the percent of original mass lost during the heating process. In Figure 19, a plot of 
weight percent vs. temperature for 74 is observed. Two points are noted in the plot: 1) the 
temperature at which the substance first begins to decompose (Tstart) and 2) the 
temperature at which the substance begins to decompose at the fastest rate (Tonset), which 
is where the tangents to the baseline and the steepest part of the slope during 
decomposition intersect. For 74, major decomposition begins at about 310°C, with the 
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Figure 20. TGA plot of 74 showing Tstart and Tonset. 
onset occurring at 354°C, and then begins to level off at around 400°C. These 
temperatures, along with total mass loss, are also noted for other ImLiPcs in Table 10, 
which are compared in Figure 21, and their plots are observable in Figures 89-96. It is 
easily seen that 1 has the highest thermal stability in the 50-450°C range among all the 
lithium phthalocyanines, losing a mere 14.9 % of its original mass, while 71 has the best 
Table 10. Tstart, Tonset and mass loss for compounds 71-79 
Compound Tstart  (°C) 
Tonset 
 (°C) 
Total Mass Lost 
(%) 
1 198 242 14.9 
71 360 386 21.5 
72 350 358 34.4 
73 350 382 26.7 
74 310 354 26.9 
75 357 361 33.1 
76 358 399 23.6 
77 361 379 28.9 
78 328 384 26.6 























Figure 21. Differences in total mass lost from 50-450°C for 1 and 71-79. 
stability among the ImLiPcs, losing only 21.5 % mass. Compounds with adamantyl 
substituents (72 and 75) demonstrate the most mass lost, both being above 33%. It should 
be noted, as seen in their plots (Figures 90 and 92), that 72 and 75 demonstrate a sharp 
but small drop in mass (~ 2 %) in the area of 150-200°C, which is very likely attributed 
to the loss of intra-crystalline solvent (i.e., water and/or acetone) from the compound. 
This behavior is also seen, although not as distinct, for 73 and 77.  
A variation of TGA, isothermal aging, can also provide some interesting detail of 
lithium phthalocyanine thermal properties. This type of examination gives better insight 
on how a material could withstand certain temperatures for lengthy periods of time in 
operational devices, such as batteries. In this process, the mass loss of a compound is 
measured as a function of time, holding temperature constant. This analysis was 
performed on 1 and 72 at temperatures of 325, 350, 375 and 400°C for 4 hours each 
(Figures 22-23) and their differences were noted (Table 11). It is quite apparent that the 
rate degradation of 72 is much higher than that of 1 at temperatures between 325-400°C. 
This behavior would make sense, given the lower thermal stability previously seen in 
melting point determination and TGA. Thus it can be concluded that 1 has an outstanding 
thermal stability up to 400°C and 72 has good stability below 375°C. 
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Figure 22. Isothermal TGA plot of 1. 
 
Figure 23. Isothermal TGA plot of 72. 




Mass Lost (%) 
From 0-4 hr 
Rate of Loss 
(%/min) 
1 325 4.53 0.015 
 350 4.27 0.015 
 375 6.30 0.023 
 400 11.20 0.047 
72 325 27.03 0.35 
 350 28.68 1.88 
 375 18.62 8.21 










     350°C 
 375°C 










     350°C 
 375°C 
           400°C 
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Crystal Structure Analysis 
 Of all the analyses mentioned above, none are capable of giving as much intricate 
chemical detail as X-ray Diffraction (XRD). The composition of a compound cannot be 
truly verified until its crystal structure is known. Of all the ImLiPcs, only two, 72 and 75, 
provided diffraction patterns (via Single-Crystal XRD) which were successfully 
analyzed,114 providing extremely interesting crystals structures that give insight on the 
nature of cation-exchanged lithium phthalocyanine complexes. The crystal structures of 
the two were identical, which relates to the reproducibility in the preparation of the 
compound since the two samples were produced by different methods (Procedures A and 
C). Due to the similarity, the crystal structures of 72 and 75 will be discussed as a single 
entity 72/75. 
 Earlier in the discussion, the possibility of solvent molecules bound within the 
crystal structure of ImLiPcs was mentioned. Such is the case for the newly discovered 
crystal. Found within its asymmetric unit are two halves of an LiPc- anion, which are 
symmetrically unrelated, one bis(adamantyl)imidazolium cation (BAI+), one acetone 
molecule (disordered) and one water molecule (Figure 24. It must be noted that the 
image shows two complete LiPc- molecules, which is a result of automatic molecule 
completion by the software used115). This information confirms that the BAI+ and LiPc- 
ions definitely complex at a 1:1 ratio, which was previously assumed and later supported 
by NMR studies.  
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Figure 24. Molecule-completed asymmetric unit of 72/75. 
In addition, the unit cell packing of 72/75 provides interesting detail of the 
arrangement of molecules within the crystal structure, as seen in Figure 25. Here we can 
see 15 LiPc- molecules, 1 in the center, 2 on the a-c faces, 4 on the edges and 8  
 
Figure 25. Crystal packing of 72/75 viewed nearly down the a-axis. 
on the corners of the unit cell, which are accompanied by 4 BAI+ cations, 4 water 
molecules, and 6 acetone molecules. Although they may appear to be, symmetry-related 








seen in Figure 26. Additionally, their intermolecular distances are quite large (10.10 Å) 
in comparison to those seen in 1 (3.06-3.38 Å).5 The distance between the planes of the 
molecules could not be adequately measured, so instead the distance between meso-
nitrogens was recorded (Figure 27). The large spacing between LiPc- molecules is easily  
 
Figure 26. Planar angle between LiPc- anions in 72/75. 
  
Figure 27. Intermolecular distance between related LiPc- anions in 72/75. 
attributed to the bulky adamantyl substituents of the BAI+ molecules, in which one cation 
appears to be enclosed within four LiPc- anions forming ionic “pockets” (Figure 28). 





a c 10.10 Å 
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excluded) can be seen. Rows of symmetry-related anions along the b-axis are offset from 
each other, stacking in a stair-step manner. These molecules appear to be nearly 
orthogonal to the columnar anions, in which alternating columns have slightly different 
orientations. It is necessary, though, to view the packing from all angles to get a true 
understanding of ion arrangements. 
 
Figure 28. Packing of BAI+ cations within LiPc- anions in 72/75. 
 Probably the most intriguing information obtained was the role of solvent 
molecules within the crystal structure. It was seen in the crystal structure of 1 that acetone 
and water ligated to lithium, forming dimers that were found in between LiPc- pairs. In 
the current structure, it can be seen that water molecules are crucial to the crystallization 
of the complex ions (Figure 29). Here, it is noticed that water forms hydrogen bonds 
with two symmetry-unrelated LiPc- anions and one BAI+ cation, acting as an intermediate 
to the three ions. Interatomic distances between hydrogen atoms and isoindoline and 





respectively. The distance between the oxygen atom of water and the hydrogen on the 2-
position of the Im+ cation was calculated to be about 2.20 Å. Although these distances are 
longer than the sums of their van der Waals radii, it can be argued that these attractive 
forces are responsible for holding the ionic molecules together in crystalline form. 
 
Figure 29. Hydrogen bonding in 72/75. 
 Although the approach for synthesizing ImLiPcs was directed towards solid-state 
electrolyte applications, the bis(adamantyl) derivative opens the door to other 
possibilities. Looking at the packing of all molecules within the crystal structure (Figure 
30), speculation can be made that there is a large amount of free volume in between LiPc- 
anions, making it a favorable prospect as a hydrogen storage material. Although simple 
structures can easily lead to this assumption, one must account for van der Waals radii of 
the atoms within the molecules, which would actually consume much of the “free” 






Figure 30. Crystal packing of 72/75 – simple structure. 
 












Cation exchange methods were used to produce imidazolium lithium 
phthalocyanines 71-79 from 1 and their respective imidazolium salts. They were obtained 
in poor to good yields (9-81%) and showed poor solubility in common organic solvents. 
These compounds were shown to be comprised of Im+ cations and LiPc- anions at a 1:1 
ratio, as verified by 1H-NMR and XRD analyses (XRD for 72 and 75 only). Also, 1H and 
13C-NMR experiments along with Elemental Analysis established the decent to good 
purity of all the ImLiPcs, with the exception of 73 and 78, which were well out of the 
allowed 0.5 % error window. Infrared spectrometry of 71-79 demonstrated the unique C-
C and C-N stretching modes characteristic of phthalocyanine and imidazolium aromatic 
rings. UV-Vis spectroscopy showed little to no change in the absorption of 71-79 from 
that of 1. Molar absorptivities were noted, but are not entirely reliable. Decreased thermal 
stability was observed in comparison to 1, in which 72, 75, 76 and 79 displayed melting 
points between 330-370°C while other ImLiPcs started slowly degrading. TGA showed 
that all samples were thermally stable up to at least 300°C and exhibited faster rates of 
decomposition compared to 1.  
Electrochemical properties of 71-79 from Cyclic Voltammetry could not be 
reported. This was due to the inability of the compounds to remain stable within an 
electrolytic solution of tetrabutylammonium hexafluorophosphate, where precipitation of 
cation-exchanged materials occurred. This necessitates adjustments of the electrolyte 
used (i.e., cation, anion, concentration) for future experiments.  
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Structural analysis of 72 and 75 via Single-Crystal XRD verified the expected 
compositions along with molecules of water and acetone incorporated within the 
structure. XRD also showed that water molecules are very likely to be the cornerstone for 
crystal development in ImLiPcs. Crystal structures of the remaining compounds are 
currently pending analysis.  
 76
 
Figure 32. 300 MHz 1H NMR Spectrum (DMSO-d6) of 1 (purified)108 
 

















Figure 34. 300 MHz 1H NMR Spectrum (DMSO-d6) of 42 
 












Figure 36. 300 MHz 1H NMR Spectrum (DMSO-d6) of 55 
 















Figure 38. 300 MHz 1H NMR Spectrum (DMSO-d6) of 58 
 









Figure 40. 75MHz 13C-NMR-DEPT 90 Spectrum (DMSO-d6) of 58 
 










Figure 42. 75MHz 13C-NMR-DEPT 135 Spectrum118 (DMSO-d6) of 68 
 











Figure 44. 75MHz 13C-NMR-DEPT 135 Spectrum (DMSO-d6) of 69 
 











Figure 46. 75MHz 13C-NMR Spectrum (DMSO-d6) of 70 
 

















Figure 48. 75MHz 13C-NMR Spectrum (DMSO-d6) of 71 
 





















Figure 50. 75MHz 13C-NMR Spectrum (DMSO-d6) of 72 
 




















Figure 52. 75MHz 13C-NMR Spectrum (DMSO-d6) of 73 
 






















Figure 54. 75MHz 13C-NMR Spectrum (DMSO-d6) of 74 
 




















Figure 56. 75MHz 13C-NMR Spectrum (DMSO-d6) of 75 
 



















Figure 58. 75MHz 13C-NMR Spectrum (DMSO-d6) of 76 
 





















Figure 60. 75MHz 13C-NMR Spectrum (DMSO-d6) of 77 
 






















Figure 62. 75MHz 13C-NMR Spectrum (DMSO-d6) of 78 
 






























































































































































































































































































































































































































































































































































































































































































































































































































































Figure 90. UV-Visible Spectrum (DMSO) of 79. 
 





















Figure 92. TGA plot of 71. 
 






















Figure 94. TGA plot of 73. 
 





















Figure 96. TGA plot of 75. 
 



















Figure 98. TGA plot of 77. 
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